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The Greater Hazard—lInsects or Insecticides 


Presidential Address, Sixty-fourth Annual Meeting, 
American Association of Economic Entomologists, 
December 15, 1952, Philadelphia, Pennsylvania 


Epwarp F. Knrpiine 


Members of the American Association of 
Economic Entomologists, Entomological 
Society of America, American Chemical 
Society and Guests: 


I gave a great deal of thought to the se- 
lection of a topic for discussion on this 
occasion. I finally decided that it might be 
appropriate for an entomologist to talk 
about insect hazards for a change. So 
much emphasis during the past seven 
years has been placed on insecticide haz- 
ards I fear people may overlook the fact 
that in many areas of the world insects for 
centuries have constituted the greatest 
threat to the health and welfare of man. 
Moreover, the standards of health and 
economy would, no doubt, be lowered 
greatly in many other areas, including the 
United States, if insecticides were not em- 
ployed to the extent now practiced to con- 
trol the many destructive species. 

We may begin discussing the topic by 
asking the question: Which is the greater 
hazard—insects or insecticides? 

Alarmists are telling the American 
people that insecticides are the greater 
danger. They claim—and they’re getting 
a lot of space in the newspapers and maga- 
zines—that we’re being poisoned by the 
new chemicals. 

What’s behind all this furore? I have 
come to the conclusion that such fears for 
the most part result from a misinterpreta- 
tion of laboratory toxicity data in terms of 
insecticide hazards to man. 

We all agree that every insecticide 
should undergo thorough examination by 
toxicologists, so that we will know how 
toxic it is to animals. However, data ob- 
tained in experiments on laboratory ani- 
mals do not give us a true measure of the 





hazard to man, and should not be used 
as reason for sounding the alarm. How 
the insecticide is used to control insects 
largely determines its toxicity hazard. 

We, as entomologists, must not under- 
estimate our responsibility to the public in 
seeing that insecticides are used safely. 
Until adequate investigations are com- 
pleted we must assume that chemicals 
which will destroy insects are potentially 
hazardous to man and animals, especially 
if used carelessly. However, I am con- 
vinced—and our record supports this con- 
viction—that we have not neglected the 
responsibility of demanding adequate in- 
formation about the toxicity of insecti- 
cides before making recommendations for 
their use. 

On the other hand, I wonder if the gen- 
eral public is fully aware of our parallel re- 
sponsibility of helping to adequately feed 
and clothe people by controlling the pests 
that destroy agricultural products. I 
wonder if it is realized how many persons 
throughout the world would die, or suffer 
serious illness, if insecticides and repel- 
lents were not used to protect them from 
insect attack. 

When we consider our insecticides as 
man-savers rather than as man-killers, it 
calls for an entirely different outlook on 
the matter of calculated risks in employ- 
ing insect control chemicals. We must re- 
member that, because of the many dis- 
eases they transmit, insects are responsi- 
ble for the death of millions of people each 
year, and the illness of several hundred 
million more. 

In the field of medically-important in- 
sects, with which I am most familiar, we 
are constantly faced with this decision. Is 
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it better to recommend using a chemical 
having a calculated health risk or to deny 
people the protection this chemical can 
give them against a disease carrier? 

We have faced and answered this ques- 
tion ourselves many times during the past 
10 years—a decade that has witnessed not 
only the development of most of our new 
insect killers, but also World War II and 
the Korean conflict. All previous wars 
have caused great increases in the inci- 
dences of insect-borne diseases. During 
this decade unprecedented and_ highly 
successful use of insecticides has been 
made to protect our fighting men and the 
citizens of our own and allied countries 
from malaria, louse, and mite-borne 
typhus, and many other disease organisms 
transmitted by arthropods (insects, ticks, 
and mites). 

DDT has come under heavy fire from 
those who believe that this insecticide, for 
some purposes at least, constitutes too 
great a health risk to permit its use in the 
manner now advocated for controlling in- 
sects which affect man. This attack goes 
on despite DDT’s fine record in protecting 
people throughout the world from disease- 
carrying insects. How many illnesses— 
how many deaths—would you say that 
the use of DDT has prevented? On the 
basis of discussions with several authori- 
ties on insect-borne diseases I estimate 
that no less than 5 million lives have been 
saved; no less than 100 million illnesses 
have been prevented through the use of 
DDT" for controlling malaria, typhus, 
dysentery and many other diseases since 
it became available about 1942. 

Let us consider the figure of over 100 
million deaths or illnesses prevented in 
comparison with the deaths or illnesses 
caused by DDT. To my knowledge not 
one death (excluding accidental deaths) or 
serious illness has been caused among the 
people exposed to the insecticide in con- 
nection with the control of insects. This is 
the best way I know to estimate the rela- 
tive hazard of the insects and this insecti- 
cide. 

Chlordane is another of the new insecti- 
cides that is an excellent killer of the in- 
sects that affect the health of man. Chlor- 
dane too, has become a target for those 
who stress the dangers of the chemical 
with little or no regard for the hazards of 
the insects and the diseases they transmit. 

Chlordane is used in homes and in other 
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buildings to control certain household in- 
sects, particularly roaches, which are 
capable of transmitting food poison or- 
ganisms. It has been widely used in homes 
in Italy and in some other countries to 
control flies, mosquitoes, and other dis- 
»ase vectors. No toxic effects on man, re- 
sulting from such use, have been reported 
(personal communications with Dr. G. 
Sacca, Institute Superiore Di Sanita, 
Rome, Italy and Dr. P. F. deCaires, Pan 
American Sanitary Bureau, Washington, 
<1). 

Members of the National Pest Control 
Association have used chlordane since 
1946. There have been no ill effects from 
its use except on one employee, who be- 
came allergic to the chemical (information 
supplied by Ralph Heal, National Pest 
Control Association). Keep in mind that 
many of these operators were exposed to 
chlordane almost every day year after 
year. Such exposure seemingly would be 
many times as great as the exposure of the 
occasional user in a home. 

That is the record of chlordane since its 
development to control many of the in- 
sects that affect man. That is the record of 
an insecticide considered by some to be 
unsafe for use in the home. We have no 
estimates of the number of illnesses and 
deaths that have been prevented through 
the use of chlordane. Although not com- 
parable with the record of DDT, the 
number would, no doubt, amount to 
hundreds of thousands. 

We can expect almost any insecticide to 
cause death under conditions of gross 
carelessness or when people make suicidal 
attempts. However, reported cases of ac- 
cidental deaths due to DDT and chlor- 
dane in my opinion have been few in num- 
ber in spite of the extensive handling and 
use of these insecticides. According to 
Simmons and Hayes (Soap and Sanitary 
Chemicals, December 1951) 14 deaths 
have been listed as resulting from DDT, 
but they indicate that in most cases the 
solvents played an important if not decid- 
ing role. One death due to occupational 
exposure is known to have been caused by 
chlordane. 

What is the record for other common 
chemicals? Vital statistics published by 

1 The writer arrived at these estimates following discussions 
with Colonel W. S. Stone, Commandant, Army Medical Services 
Graduate School; Dr. F. C. Bishopp, Bureau of Entomology 


and Plant Quarantine; and Dr. S. W. Simmons, U. S. Public 
Health Service. 
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the Federal Security Agency for one year, 
(949, show that aspirin was responsible 
for 70 accidental deaths, lye and similar 
chemicals for 87, kerosene and other pe- 
troleum products for 117, and barbituric 
acid and derivatives for 466. 

(he fine safety record of DDT and 
chlordane—despite the fact that they are 
toxic to animals under certain conditions 
of exposure—gives us every reason to be- 
lieve that medical authorities, toxicolo- 
gists, and entomologists who have advo- 
cated their use for specific purposes have 
not underestimated their hazards when 
they are employed in the manner required 
for insect control. 

I am convinced that today we have 
safer insecticides for controlling insects in 
the home than we had 10 years ago. I say 
this in spite of all that has been said dur- 
ing the past decade about the hazards of 
the new insecticides. We have synergized 
pyrethrum, allethrin, and methoxychlor 
insecticides low in their toxicity to man 
and animals. The record of extensive and 
safe use for DDT, chlordane and lindane 
is good. These newer insecticides have re- 
placed almost completely more toxic in- 
secticides such as the arsenicals, fluorides, 
thallium, phosphorous and cyanide which 
formerly were commonly used in homes 
for controlling household pests and disease 
carriers. 

We have protected ourselves pretty well 
in recommending and seeing that chemi- 
cals are used safely, but in my opinion we 
have failed to protect ourselves public- 
wise well enough. We have not told our 
story to the people. We have not explained 
why it is necessary that certain chemicals 
now available should be used to control 
insects. The difference between laboratory 
toxicity data and use hazards have not 
been stressed. I suggest that this story be 
told. Only this way can we refute, even 
head-off, the half truths that are being 
given publication. 

We should be prepared for the prob- 
ability that the job of making the public 
understand the importance of insect con- 
trol may become more difficult rather than 
easier in the years ahead. I say that be- 
cause there is every reason to believe that 
the insecticide-resistant insect problem 
will become more acute in the future. As 
we seek for new and better insecticides to 
improve or even maintain the high degree 
of insect control that we have enjoyed 
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these past 10 years, we will be continually 
faced with the necessity of recommending 
new insecticides. We must encourage 
toxicity studies to appraise their hazards 
when employed in the manner required for 
insect control. We must also see to it that 
they are used in accordance with recom- 
mended procedures. 

Insect resistance to insecticides first 
confronted medical entomologists in 1947 
when flies began to withstand the lethal 
effects of DDT. It is well known today, 
that in some parts of the nation, none of 
the residual insecticides will control flies 
successfully. 

The mosquito is paralleling the house 
fly. During the past five years a number of 
species of mosquitoes have developed re- 
sistance to DDT and other insecticides. 
Fortunately, no resistance to DDT has 
been noted in malaria-carrying mosqui- 
toes, but the threat is hanging over our 
heads. 

A little over a year ago those concerned 
with arthropod carriers of human diseases 
received another setback. The body louse, 
transmitting agent for typhus and relaps- 
ing fever, was found resistant to DDT in 
Korea. Since then, DDT resistant lice 
have been found in other parts of the 
world. Lindane and pyrethrum are now 
being used to control lice—not as well as 
DDT did—but nevertheless, filling the 
gap until we come up with something 
better. 

During recent months, chlordane re- 
sistant roaches have been added to the 
growing list. Reports are more and more 
frequent that bedbugs and fleas are no 
longer controlled with DDT. 

It is apparent that either substitutes for 
current insecticides or other methods of 
control must be found for these insects. 
The problem is stimulating research on 
methods of control which do not require 
the use of chemicals. This is a worthwhile 
trend. But if chemicals are necessary to 
achieve their control—and at present this 
method is the most practical for most dis- 
ease-carrying insects—then we must con- 
tinue to search for new effective chemi- 
cals. 

During recent vears toxicologists have 
obtained a vast amount of toxicity data 
on various kinds of organic insecticides 
and together with the extensive use ex- 
perience with some of them we should be 
in a better position to estimate the po- 
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tential use hazard of new chemicals now 
than we were a decade ago. The impor- 
tance of the insects and the diseases they 
transmit must certainly be a continuing 
consideration, however, in reaching a de- 
cision whether or not a given insecticide 
is too hazardous to use. 

The new wonder drugs developed dur- 
ing the last 10 years have placed the doc- 
tor in much the same position that insecti- 
cides have placed the entomologist. An 
editorial in the September 1, 1951, issue 
of the Journal of the American Medical 
Association acknowledged that new drugs 
as well as old ones may at times cause ad- 
verse reactions or effects, and that unex- 
pected reactions might occur in spite of 
exhaustive research before the drugs are 
released for use. However, the risk must 
be considered in relation to their potential 
usefulness. 

This is precisely tiie problem we have 
had to face—and may more frequently 
face in future years, in balancing the risk 
of using a certain chemical against its po- 
tential usefulness. 

It’s a big responsibility and an impossi- 
ble one for entomologists to meet alone. 
If we are to achieve this objective quickly, 
close cooperation and coordination of the 
research programs of entomologists, chem- 
ists, and toxicologists are essential. 

We proved to ourselves what could be 
done through cooperation during the last 
war. Much of the work that led to the de- 
velopment of insecticides and repellents 
that were used to protect our fighting men 
during World War II was carried out 
through the Office of Scientific Research 
and Development. This organization 
sponsored simultaneous research along 
three major lines: 

(1) Entomological research designed to 
develop new control methods; 

(2) research on the chemistry of insecti- 
cides and repellents; and 

(3) research to determine if promising 
chemicals could be used without hazard 
to man. 

The Armed Services, the Bureau of 
Entomology and Plant Quarantine, The 
Food and Drug Administration, the Pub- 
lic Health Service, various universities 
and many commercial companies co- 
operated in this research program. 

It took a team consisting of entomolo- 
gists, chemists, and toxicologists only 
about three years to develop and approve 
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two louse powders for direct application 
to man, two liquid preparations for con- 
trol of scab mites and lice, at least ten in- 
sect repellents that could be applied to 
the skin, at least four types of clothing 
treatments to protect the wearer from ai- 
tack by mites and ticks, and _ several 
aerosol and spray formulations, including 
those containing DDT. In addition the 
toxicologists investigated and approved 
DDT as a spray to be used inside living 
quarters and on mosquito breeding areas. 

In carrying out this coordinated pro- 
gram, the specialists exchanged informa- 
tion in their respective fields. Toxicolo- 
gists were told how and under what con- 
ditions a chemical was to be used and 
they planned their experiments to ap- 
praise its hazards for use in this manner. I 
know of no injury caused by any of the 
insecticides and repellents recommended 
for use in controlling arthropods which 
attack man. 

For a period of over five years following 
World War II, research to appraise the 
toxicity of chemicals specifically for use in 
controlling insects of medical importance 
was dropped. During this period general 
statements were made on the hazards of 
newer insecticides, such as chlordane, 
dieldrin, and lindane, but the studies on 
which they were based were not designed 
specifically to appraise the hazards in their 
use for controlling specific arthropods at- 
tacking man. Consequently, these and 
several other promising insecticides and 
repellents developed during the period 
1945 to 1950 could not be recommended 
for use when we first needed them in 
Korea because they had not been investi- 
gated to determine their safety to military 
personnel. It was not until some time 
after the Korean War began that toxicolo- 
gists were again assigned to work with the 
entomologists and chemists in the de- 
velopment of insecticides and repellents 
for use in the control of insects affecting 
military personnel. This research, as dur- 
ing World War II, is sponsored by the 
Army. The toxicity studies are conducted 
by the Army Environmental Health Lab- 
oratory. 

This coordinated approach has since 
helped meet emergencies in Korea. How- 
ever, the development of certain new in- 
secticides and repellents for practical use 
in controlling insects of medical impor- 
tance was delayed because of this 5-year 
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iipse. This experience has convinced me 
‘hat a coordinated entomological, chemi- 
cal, and toxicological investigation is es- 
sential for efficient research planning and 
rapid progress in developing new and safe 
control measures for insects. 

\ coordinated research team that in- 
cludes the toxicologists has also proved 
productive at the Department of Agricul- 
ture’s livestock laboratory at Kerrville, 
Texas. Here entomologists, chemists and 
velerinary toxicologists work together to 
determine how effective insecticides and 
repellents are in controlling the insects, 
how toxic they are to the animals, and the 
extent to which residues appear in the ani- 
mal products. The laboratory has co- 
operated with industry on a number of 
problems to determine if specific ma- 
terials could be used safely on the animals 
for pest control. 

The Public Health Service has ento- 
mologists, chemists, and_ toxicologists 
working together at the Savannah, Geor- 
gia research laboratory. The toxicological 
program thus far has emphasized studies 
on insecticides required in Public Health 
programs. However, this laboratory is 
broadening its activities in the toxicologi- 
cal field and will be of increasing help in 
appraising the hazard of insecticides to 
man when used for purposes other than 
health. 

Several of the State Agricultural Ex- 
periment Stations and Universities have 
also developed well coordinated programs. 
Among these are Utah State College, 
Cornell University, Oklahoma A. & M. 
and the University of California. 

Industry is to be commended for the 
research it conducts or supports through 
grants to determine the toxicity of new 
pesticides and for the efforts it makes to 
cooperate with state and federal agencies. 

These examples of coordination in ento- 
mological, chemical, and toxicological re- 
search are encouraging, but we have a 
long way to go before all major phases of 
entomological research will be properly 
balanced. There is at present no specific 
toxicological program to evaluate the 
safety for civilian use of new chemicals for 
controlling cockroaches, ants, pantry 
pests, lice, ticks, chiggers, and bedbugs. 
There is no toxicity work underway to de- 
termine the safety to civilians of insect 
repellents for mosquitoes, black flies, sand 
flies, and other blood-sucking species. 
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I have talked chiefly about insects that 
affect man and animals, largely ignoring 
the broad field of agricultural pests. Here 
again, however, the need for coordination 
of research programs is sorely felt. But no 
matter what field of insect control is 
under consideration, entomological, chem- 
ical and toxicological research must be 
kept current. Only in this way can all 
phases of the developmental program 
progress simultaneously and efficieutly. 
We can all cite instances where an effec- 
tive use for an insecticide was well estab- 
blished five years ago, which we cannot 
yet recommend because information is 
lacking on the chronic effects of the chemi- 
cal or the extent to which residues occur 
on food crops. 

Delays and inefficiencies in the develep- 
ment af insecticides are due in great part 
to improperly balanced programs. A much 
larger portion of funds going into research 
on the chemical control of insects should 
be channeled to the development of assay 
methods and for routine chemical analy- 
ses. 

Research by toxicologists must be ex- 
panded. Toxicity studies should be started 
as soon as a new chemical is known to be 
promising for controlling specific insects. 

I wish to emphasize, however, that ex- 
pansion of chemical and toxicological re- 
search is not enough. We must go a step 
further and coordinate these studies with 
the research in entomology. 

How to coordinate all phases of insecti- 
cide research in the federal government is 
a problem that must be solved by those 
responsible for over-all direction of broad 
research activities in various agencies. 

A step in the right direction has been 
the organization of the Interdepartmental 
Committee on Pest Control. This Com- 
mittee during recent years has performed 
a useful service, but to date it has been 
busy dealing with unexpected develop- 
ments. Committee members have had 
little time to devote to facilitating and 
coordinating research on entomological, 
chemical, and toxicological aspects of 
promising pesticides. It seems to me that 
each federal agency, concerned with pesti- 
cides, could well have a toxicologist on its 
staff, whose primary function would be to 
represent that agency on matters pertain- 
ing to research into the toxicology of 
pesticides. These persons could form a 
committee and exchange information and 





‘ 
t 
| 


AR lA SNC AOS. .n 


P San BME 








6 JOURNAL OF Economic ENTOMOLOGY 


help plan coordinated research programs 
on the toxicology of pesticides. Entomolo- 
gists should keep them abreast of develop- 
ments in entomology so that toxicological 
research could be initiated on the most 
urgent problems as soon as possible. They 
in turn would keep entomologists and 
chemists informed of the progress in 
evaluating the toxicity of specific chemi- 
cals, so that research on the entomological 
and chemical aspects could be planned 
more efficiently. 

There is equal effort needed in achiev- 
ing Maximum cooperation and coordina- 
tion of the Federal agencies, State Agri- 
cultural Experiment Stations and uni- 
versities, and industrial groups on this 
same problem. The Food Protection Com- 
mittees of the National Research Council 
and the Pesticide Committee of the Amer- 
ican Medical Association, no doubt, in 
part answer this need. However, it might 
be well to study ways and means for lead- 
ing entomologists, chemists, and toxicolo- 
gists actively engaged in research to get 
together to exchange new information 
from a national standpoint. 

Annual conferences sponsored by and 
perhaps financed at least in part by the 
National Research Council might provide 
the means for such coordination. Many 
conferences during recent years have been 
devoted to toxicity problems that already 
have arisen and what action or what type 
of research are required to solve such 
problems. The program I have in mind is 
to discuss new chemicals and new uses for 
older chemicals for the purpose of plan- 
ning coordinated research programs to 
avoid rather than correct mistakes, de- 
lays and misunderstandings. 


Role of the New Entomological Society of 
America in Meeting Toxicological Prob- 
lems 


The American Association of Economic 
Entomologists, in my opinion, has not 
given the toxicology of insecticides enough 
attention. After all, the entomologist is in 
the middle of any cooperative or coordi- 
nated program along these lines. 

The entomologist is responsible for 
recommending insect control chemicals, 
and he is often the person that applies 
them. The responsibility for any adverse 
effects on man or animals rests for the 
most part on him. The entomologist 
should, therefore, assume leadership in 
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facilitating the types of research programs 
in toxicology and chemistry which are re- 
quired to develop insect control measures 
with a minimum of hazard. The entomolo- 
gist should also take the lead in educating 
the public in the proper and safe use of 
such chemicals. 

I would like to conclude my talk with 
you today by making a half dozen or so 
recommendations for the consideration 
of our new Entomological Society of 
America. You are all aware, I am sure, 
that in just 2 weeks the new society will be 
a reality. I look on it as a great oppor- 
tunity to improve the relations between 
entomologists, and the rest of the world. 
The new Society will represent every 
field of entomological science, and I be- 
lieve can become our voice through which 
we can inform the public of the impor- 
tance of insects. 

Initially I recommend that our new So- 
ciety take leadership in encouraging safe 
use of insecticides, yet at the same time 
head off misinformation regarding the 
dangers of insecticides. It can accomplish 
this by speaking out—by seeing that the 
facts are presented to the public in a way 
that there can be no misunderstanding, no 
opportunity for hysteria. 

I recommend that our new Society 
publicly demand and work for the kind of 
programs that are needed to assure prop- 
erly balanced research. 

For two years now, Congress has been 
considering legislation relating to the use 
of insect control chemicals that, in my 
opinion, is based in part on misinforma- 
tion regarding the hazards of certain 
pesticides. I suggest that our new Society 
be the first to recommend such legislation 
when it is needed; the first to fight it when 
it is undesirable. 

Within the organization, I recommend 
that our new Society give more program 
time to the discussion of toxicology prob- 
lems. It is noteworthy, I believe, that the 
American Chemical Society has formed a 
section to deal with the pesticide residue 
problem. Meeting jointly with this section 
of the ACS, as we are at this session, is 
encouraging. A toxicological section in our 
new Society, to review progress at each 
annual meeting and discuss problems re- 
lating to toxicity of insect control chemi- 
‘als would seem an essential part of our 
program. 

The recent appointment of a committee 
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of our Association to consider matters re- 
lating to the toxicity of insecticides is a 
step in the right direction. This committee 
should continue in our new Society. It 
should be enlarged to permit wider repre- 
sentation of the various interests of the 
Society. 

As entomologists, we may well be 
proud of our achievements in improving 
the health and living standards of our 
fellow men through insect control. But let 
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us remember that these achievements 
would not have been possible without the 
contributions of chemists and _ toxicolo- 
gists. Further progress in developing effec- 
tive and safe insect control chemicals will 
require even more help from these special- 
ists. The rapidity of future progress will 
depend in large measure on how well the 
research of entomologists, chemists, and 
toxicologists is coordinated. 


Effect of Ethylene Dibromide and Ethylene Chlorobromide 


Fumigation on Citrus and Avocado Fruits! 


D. L. LinpGREN and Watton B. Sincuarr, 
University of California Citrus Experiment Station, Riverside 


Although the successful introduction of 
the following four parasites, Opius for- 
mosanus (Ashm.), O. vandenboschi Full., 
0. oophilus Full., and O. incisi Silv., into 
the Hawaiian Islands has reduced the 
population level of the oriental fruit fly, 
Dacus dorsalis Hendel, the threat of acci- 
dentally introducing this serious pest into 
the continental United States still re- 
mains. The intensive search for more ef- 
fective and safer methods and materials 
with which to treat various fresh com- 
modities and thus to destroy fruit fly in- 
festation and permit shipment from in- 
fested to noninfested areas is therefore 
being continued both in the Hawaiian 
Islands and in California. Much of the 
work has been focused on the attempt to 
find safer and more effective fumigants, 
since it has been shown that many of the 
fruits and vegetables grown in California 
are not able to withstand the vapor heat 
sterilization treatment. Methyl bromide is 
being used effectively as a fumigant in the 
treatment of some fruits and vegetables, 
but recent work (Balock 1951, Lindgren 
& Sinclair 1951) indicates that dosages re- 
quired to destroy fruit fly infestation may 
result in injury or shortened she'f life of 
the treated commodity. 

In a search for other fumigants more 
effective than methyl bromide in killing 
the immature stages of the oriental fruit 
fly and less harmful to the commodity 
being treated, a number of compounds 
and mixtures were tested in the Hawaiian 
Islands to determine their toxicity to this 
fly (Balock & Lindgren 1951). Several of 


these materials were found to be very 
toxic to the eggs and larvae of the fly, and 
phytotoxicity tests indicated that two cf 
these, ethylene dibromide and ethylene 
chlorobromide, apparently caused little 
or no injury to many fruits and vegetables 
at dosages above those required to destroy 
immature stages of the fruit fly (Balock 
1951, Lindgren & Sinclair 1951). 

As of April 20, 1951, ethylene dibromide 
fumigation was approved by the United 
States Bureau of Entomology and Plant 
Quarantine as a condition for certification 
of certain fruits and vegetables for inter- 
state movement from Hawaii. During the 
1949 season very little fresh fruit and 
vegetables had been shipped from Hawaii 
because of the presence of the fruit fly, but 
during part of the 1952 season more than 
2,000,000 pounds of such commodities 
were shipped, 80 per cent of which were 
treated with ethylene dibromide, 10 per 
cent with methyl bromide, and 10 per 
cent with vapor heat. The approved treat- 
ment is atmospheric fumigation with 0.5 
pound ethylene dibromide per 1,000 
cubic feet, at a minimum temperature of 
70° F., for an exposure of 2 hours. Ethyl- 
ene chlorobromide fumigation has not yet 
been approved for the certification of 
fruits and vegetables, but this material 
has promise, as under certain conditions it 
shows less phytotoxicity than ethylene di- 
bromide (Lindgren & Sinclair 1951). 

The main object of the present investi- 

Paip Paper. 


1 Paper No. 745, University of California Citrus Experiment 
Station, Riverside, California. 
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Table 1.—Absorption and retention of bromine by peel and pulp of citrus and avocado fruits 
fumigated with ethylene dibromide (EDB) for 2 hours at 75° F. 








MILLIGRAMS BROMINE PER 100 Grams FRESH 
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0.5 Lb. EDB per 0.75 Lb. EDB per 
1,000 Cu. Ft. 1,000 Cu. Ft. 
Tm AFTER ————————————————————_ — 
Fruit FUMIGATION Peel Pulp Peel Pulp 
Valencia oranges from: 
Central California 1 hour 3.66 0.18 4.54 0.24 
24 hours 2.34 0.32 3.40 0.48 
48 hours 2.30 0.39 2.94 0.50 
7 days 2.12 0.43 2.64 0.52 
Navel oranges from: 
Central California 1 hour 8.30 0.36 10.80 0.44 
24 hours 4.06 0.46 5.24 0.70 
48 hours 3.17 0.53 4.96 0.71 
7 days 2.41 0.56 3.00 0.74 
Southern California 
inland area 1 hour 6.36 0.54 9.62 0.36 
24 hours 6.30 0.69 8.92 0.87 
48 hours 6.58 0.69 8.65 1.18 
7 days 6.49 0.89 8.56 Lia 
Lemons from: 
Southern California 
coastal area 1 hour 3.38 0.18 6.14 0.18 
24 hours 1.60 0.31 2.36 0.42 bd 
48 hours 1.50 0.32 2.30 0.40 
7 days 2.16 0.34 1.66 0.40 
Southern California 
inland area 1 hour 4.94 0.20 7.58 0.36 
24 hours 2.98 0.18 3.81 0.29 
48 hours 2.60 0.23 3.18 0.36 
7 days 2.40 0.26 2.16 0.34 
Grapefruit from: 
Southern California 
inland area 1 hour 4.14 0.24 7.08 0.32 
24 hours 2.65 0.32 3.21 0.40 
48 hours 2.32 0.27 2.89 0.34 
7 days LZ 0.3 2.04 0.42 
Avocados 4 hours 9.06 3.25 11.40 4.15 
28 hours 4.24 2.94 5.64 3.70 
52 hours 4.59 3.08 5.72 3.98 
9 days 7.20 3.36 8.42 4.34 





gation has been to determine the effect of | cussed by Lindgren & Sinclair (1951). 
dosages of 0.5 and 0.75 pound per 1,000 Bromine analyses were made by the 
cubic feet of ethylene dibromide and of method described by Sinclair & Crandall 
ethylene chlorobromide on the quality of (1952a, 1952b). Fruit samples fumigated | 
citrus and avocado fruits, and to deter- with ethylene dibromide were treated ac- | 
mine the bromine residue present in the cording‘ to the methods authorized by the | 
fruit subsequent to fumigation. This has United States Bureau of Entomology and , 
involved fumigation of different varieties Plant Quarantine (1951). The same fumi- | 
of citrus and avocado fruits and storage gation procedure was followed with ethy|!- 
of the fruit for observation and bromine — ene chlorobromide. 
analyses. The fruit used in these experiments in- 

MATERIALS AND Mernops.—The meth- cluded avocados from various districts in 
ods and materials used in these fumigation California, grapefruit from the Coachella 
experiments are similar to those dis- Valley and from  semi-coastal areas, 
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fable 2.—Absorption and retention of bromine by peel and pulp of citrus and avocado fruits 
fumigated with ethylene chlorobromide (ECB) for 2 hours at 75° F. 








—_—~ 


MituiarAMs Bromine PER 100 Grams FREsH 
Weraut Arter FuMIGATION WITH— 





0.5 Lb. ECB per 


0.75 Lb. ECB per 








1,000 Cu. Ft. 1,000 Cu. Ft. 
Time AFTER 
Fruit FUMIGATION Peel Pulp Peel Pulp 
Valencia oranges from: 
Southern California 1 hour 2.54 0.22 3.95 0.40 
24 hours 1.86 0.36 2.78 0.52 
48 hours 1.64 0.41 2.05 0.58 
7 days 1.60 0.33 2.06 0.52 
Lemons from: 
Southern California 
inland area 1 hour 2.86 0.09 3.87 0.12 
24 hours 1.45 0.13 1.90 0.20 
48 hours 1.06 0.23 1.23 0.31 
7 days 0.86 0.22 0.97 0.28 
Grapefruit from: 
Southern California 
inland area 1 hour 1.24 0.08 2.17 0.19 
24 hours 0.76 0.21 1.02 0.25 
48 hours 0.60 0.24 0.92 0.28 
7 days 0.70 0.26 1.10 0.29 
Avocados 1 hour 3.57 3.72 4.34 2.54 
24 hours 2.82 1.26 3.42 2.12 
48 hours 3.59 1.18 4.63 1.74 
7 days 4.36 1.10 6.01 1.65 





lemons from southern California interior 
and coastal areas, Valencia oranges from 
central California and (early and late 
varieties) from southern California in- 


terior and coastal areas, and navel 
oranges (early and late varieties) from 
central California and from southern 


California interior areas and (early varie- 
ties) coastal areas. 

In each fumigation four to eight boxes 
of orchard-run citrus fruit and five flats of 
avocados were used. Subsequent to fumi- 
gation the fruits were sampled at intervals 
to determine the occurrence of injury, 
undesirable flavor, and bromine residue. 

Resutts.—Fruit Tolerance-—All fruits 
tested proved to be tolerant to fumigation 
with ethylene dibromide and ethylene 
chlorobromide at dosages of 0.5 and 0.75 
pound per 1,000 cubic feet. 

Results of previous experiments (Lind- 
gren & Sinclair 1951) show that none of 
the citrus or avocado varieties investi- 
gated was injured upon fumigation with 
ethylene dibromide or ethylene chloro- 
bromide at a dosage of 1 pound of the 
fumigant per 1,000 cubic feet for an ex- 
posure period of 2 hours. Dosages of 0.5 or 





0.75 pound of these two fumigants caused 
no noticeable reduction in fruit aroma 
and no off-flavor of the juice, and had no 
significant effect on the length of time the 
fruit could be stored. 

Bromine Residue.—The data in tables 1 
and 2 indicate the effect of fruit variety 
and of concentration of the fumigant upon 
the absorption and retention of bromine 
by the peel and the pulp of the fruit. Of 
the citrus varieties fumigated with ethyl- 
ene dibromide, the navel orange absorbed 
and retained the greatest amount of 
bromine. In all tests the bromine content 
of the pulp was much lower than that of 
the peel. It is evident, also, that the 
bromine content of the pulp increased 
during the 7-day period in which the sam- 
ples were taken, and that the bromine dif- 
fused from the peel into the pulp during 
this period. Nine days after fumigation 
with ethylene dibromide the avocados re- 
tained more than 70 per cent of the bro- 
mine initially determined. The amount of 
bromine retained by the avocados was 
greater than that retained by any of the 
varieties of citrus fumigated. 

Similar determinations of bromine were 
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made on fruit fumigated with 0.5 or 0.75 
pound of ethylene chlorobromide per 
1,000 cubic feet (Table 2). The rate of loss 
of bromine from the tissues during the 
first 24 hours after fumigation was rapid, 
but from that time on the rate of loss was 
very low. As in the ethylene dibromide 
experiments, avocado fruits absorbed and 
retained more bromine than citrus fruits. 

Conciusions.—Results of extensive 
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tests indicate that it is safe to use ethylene 
dibromide at the approved dosage (0.5 
pound per 1,000 cubic feet, at a minimum 
temperature of 70° F.) for fumigation of 
California citrus and avocado fruits 
against the oriental fruit fly, as a condi- 
tion for interstate movement. Results also 
indicate that ethylene chlorobromide is a 
promising fumigant for use on California 
citrus and avocado fruits. 
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Timing of Treatments for Control of Citrus Red Mite on 
Orange Trees in Coastal Districts of California’ 


L. R. Jeppson, M. J. Jesspr, and J. O. Compuin,? University of California Citrus Experiment Station, 
Riverside 


Several investigators have described the 
seasonal fluctuations of citrus red mite, 
Metatetranychus citri (McG.), on citrus 
and have emphasized the importance of 
weather, amount of new growth, or of 
predators on the increase or decrease of 
mite populations. Woodworth (1902) ob- 
served that there was a relation between 
the population of this pest and the season 
of the year. Quayle, in 1911, noted that 
mites attained their greatest population 
density during the spring months and 
largely disappeared in the summer. In 
1912, he stated that the citrus red mite 
“appears in greatest numbers during May 
and June. With the higher temperatures 
of midsummer their numbers may de- 
crease considerably or almost entirely dis- 
appear. Commonly they do not again ap- 
pear in large numbers until the following 
spring. But exceptions occur to this, and 
not infrequently they become abundant in 
the late fall or early winter.” 

In Alabama, English & Turnipseed 
(1941) studied the relation of temperature 
to rate of development of each of the mite 
stages, rate of egg production, and life 
span of adult mites. They concluded that 


the development of the citrus red mite is a 
function of temperature, but pointed out 
the possibility that the quality of the food 
may have an important influence on mite 
populations. 

Henderson & Holloway (1942) observed 
that citrus red mite populations are more 
abundant in fall and spring, and pointed 
out that young leaves commonly develop- 
ing on orange trees during the spring and 
fall are more favorable than older leaves 
for production of mite eggs. DeBach et al. 
(1950) also recorded that the citrus red 
mite population was high in the spring 
and fall and low during the summer 
months, and emphasized the importance 
of predators as a causative factor in re- 
ducing spring populations and maintain- 
ing a low population threughout the sum- 
mer. 

Applications of acaricides to control 
citrus red mite have not always been 
timed to best advantage in California. 
These applications have not been ade- 

1 Paper from University of California Citrus Experiment 
Station, Riverside, California. 

2 The authors wish to express appreciation to the Orange 
County Agricultural Commissioner’s Office for use of the county- 


owned — orchard, and to R. J. Bumgardner and E. A. 
Dudley of that office for their cooperation in this study. 
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juately correlated with trends and fluctu- 

ions in citrus red mite populations re- 
. alting from regular or irregular climatic 
factors. Applications of petroleum oil 

sprays to control both scale insects and 
nites have often been timed to give most 
effec tive control of scale insects, with only 
secondary consideration to mite control. 

The present studies were planned to 
correlate the trends and fluctuations of 
the citrus red mite populations in a Va- 
lencia orange orchard in Orange County 
with variations in temperature and hu- 
midity, and to correlate these seasonal 
population trends with application of 
acaricides to control injurious populations 
most effectively. 

MaTerRIALS AND Metrnops.—The 
Orange County Valencia orange orchard 
selected for this study had been under a 
pest control program consisting of one cy- 
anide fumigation and one non-oil acaricide 
application a year. All plots consisted of 
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Fig. 1.—Diagrammatic sketch of experimental 
orange orchard, indicating plot arrangement in 
orchard quadrants 1 (lower left), 2 (upper left), 3 
(upper right), and 4 (lower right), and acaricidal 
materials used. Materials included 2-(p-tert-butyl- 
_ noxy) isopropyl-2-chloroethyl sulfite (Aramite), 
bis-(p-chlorophenoxy)-methane (K-1875), and p- 
chlorophenyl p-chlorobenzene sulfonate (K-6451) 
plus K-1875, applied the first week of the month 
or months specified. 
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four trees, except the checks, which in- 
cluded eight untreated trees surrounded 
by a row of buffer trees that were kept free 
of mites by frequent acaricidal treat- 
ments. 

Three acaricidal formulations used com- 
mercially for control of citrus red mite in 
California were employed in this study: 
(1) a 15 per cent wettable-powder formu- 
lation of 2-(p-tert-butylphenoxy)isopro- 
pyl-2-chloroethyl sulfite (Aramite) ap- 
plied at 43 ounces per 100 gallons of spray; 
(2) a 50 per cent formulation of p-chloro- 
phenyl p-chlorobenzene sulfonate (K- 
6451)* applied at 12 ounces per 100 gal- 
lons, plus 1 ounce of a 40 per cent wetta- 
ble-powder formulation of bis-(p-chloro- 
phenoxy)-methane (K-1875)* added to in- 
crease the initial kill of adult mites (Jepp- 
son 1951); and (3) a 40 per cent wettable- 
powder formulation of bis-(p-chlorophe- 
noxy)-methane (K-1875) applied at 32 
ounces per 100 gallons of spray. 

Each plot was treated either once or 
twice a year with one of the acaricide 
formulations. The single yearly applica- 
tions were made the first week of all 
months except August and December. 
When two yearly applications were made, 
the formulation was applied at 5- to 7- 
month intervals the first weeks in Febru- 
ary and July, March and September, 
April and October, May and November, 
or June and January. Each treatment (or 
sequence of treatments) was replicated 
four times, once in each quadrant of the 
orchard. The treatments applied, the tim- 
ing of applications, and the experimental 
design are shown in figure 1. Applications 
were made as full-coverage sprays by 
means of conventional high-pressure 
sprayer equipment, employing a recipro- 
cating pump and manually operated spray 
guns. 

The citrus red mite population in each 
plot was evaluated by counting the num- 
ber of adult mites on 32 intact leaves per 
tree. Results are recorded as average num- 
ber of mites per 32 leaves. The egg popula- 
tion in each plot was estimated by remov- 
ing eight leaves per tree and counting the 
eggs along the midribs with the aid of 20 X 
magnification of a wide-field binocular 
microscope. Results were multiplied by a 
factor of 4 and recorded as number of eggs 
per 32 leaves. Diagonal orchard quadrants 
1 and 3 (Fig. 1) were evaluated for mite 


3 Ovotran. 
4 Neotran. 



























































Ci at A Aas MR Nh 





Ar NOOO DOIN NE Salas De 





~ ‘ee Ses 











12 JOURNAL OF Economic ENTOMOLOGY 


and egg populations at 2-week intervals. 
Quadrants 2 and 4 were sampled on alter- 
nate weeks. Samples were taken on the 
same day (Monday) of each week. 

The relative amount of leaf injury 
caused by the feeding of citrus red mites 
was evaluated by examining four terminal 
leaves on each of eight twigs per tree. A 
rating of 0, 1, 2, or 3 was assigned to each 
twig according to the degree of injury. 
Ratings on each of the eight units per tree 
were totaled. Results are presented as 
mean rating per tree. 

Resvuuts.—Fluctuations in adult mite 
and egg populations from February, 1951, 
to June, 1952, on the untreated check 
plots are shown in figure 2. Minimum rela- 
tive humidity and the number of hours 
that the relative humidity was below 20, 
10, and 5 per cent during the week prior to 
each week of mite population evaluation 
are also shown in figure 2. Weekly evalua- 
tions of adult mite and egg populations in 
plots treated once a year, but in different 
months, averaged for the three acaricide 
materials, are shown in figure 3. The ef- 
fects of two yearly acaricide applications 
in different months and at various inter- 
vals on trends in adult mite populations 
are shown in figure 4. Figure 5A, B, and C 
indicates trends in adult citrus red mite 
population s resulting from two yearly ap- 
plications of each of the three acaricides 
at 5- to 6-month intervals (February and 
July, March and September, May and 
November). 

The relative amounts of citrus red mite 
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Fic. 2.—(Below) Fluctuations in populations of 
adult citrus red mites and of eggs on untreated 
(check) orange trees, 1951-1952. (Above) Minimum 
relative humidity during each week preceding that 
of mite population evaluation, and the number of 
hours in which the humidity was below, 20, 15, and 
10 per cent. 
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feeding injury on young and old orange 
leaves, as estimated in May, 1951, and 
January, 1952, on trees in treated and un- 
treated plots, are reported in table 1. 

Discussion.—Seasonal trends in citrus 
red mite populations on untreated trees in 
this study were similar to those reported 
by previous workers, with their spring and 
fall peak, moderate winter populations, 
and summer low (Fig. 2). Periods of low 
humidity, when accompanied by winds, 
resulted in temporary reductions in adult 
mite populations. Orange leaves of each 
growth cycle that were not fully mature 
appeared to be more favorable than ma- 
ture leaves for development of populations 
of the citrus red mite. The maximum 
amount of this stage of growth occurs dur- 
ing spring and fall, and is correlated with 
highest infestations of citrus red mite. The 
rather sharp decrease in mite and egg 
populations in June, 1951, could not be at- 
tributed to temperature or humidity con- 
ditions adverse to citrus red mite develop- 
ment. 

Although further study is necessary to 
evaluate the relative importance of the 
various factors influencing mite popuia- 
tions, the maturing of the orange leaves 
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Fic. 3.—Weekly evaluations showing trends in 
adult and egg populations of citrus red mites on 
orange trees given single yearly acaricide treatments 
in February, March, April, or May, 1951. (Averages 
for the three acaricide materials.) 
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Fic. 4.—Trends in adult citrus red mite populations 
on orange trees given two yearly acaricide treat- 
ments in different months and at various intervals 
(February and July, March and September, April 
and October, May and November, June and Janu- 
ary). (Averages for the three acaricide materials.) 


and the abundance of mite predators® were 
important factors in the population de- 
cline in June, and in the low summer in- 
festations. There was no month of the 
vear in which a single treatment resulted 
in effective control of citrus red mite for 
the entire year (Fig. 3). Applications in 
February prevented reinfestation during 
the spring months, but injurious infesta- 
tions recurred the following fall. When 
treatments were delayed until March, 
April, or May, the trees were exposed to 
increasing amounts of mite-feeding before 
being treated, yet the mite population in- 
creased as early the following September, 


Table 1.—Estimated citrus red mite feeding 
injury on young and old leaves of orange trees 
given one or two yearly acaricide treatments. 
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May, Januaiy, 1952 








1951, — ongaoeeinene 
IreaTMENT Dates, Young Old Young 
1951 Leaves Leaves Leaves Mean 
February 5 18 19 11 
March 6 18 19 ll 
April 10 19 18 16 
May 30 20 19 23 
June 30 19 15 21 
July 30 15 10 18 
™ ptember 80 18 bf 15 
November 30 19 7 19 
lebruary and July 5 12 11 9 
March and September 5 ll 6 
April and October 10 12 1 8 
May and November 30 16 12 19 
Untreated (check) 30 23 17 23 





' Mean per tree (see “Materials and Methods’). 
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Fic. 5.—Trends in adult citrus red mite populations 
on orange trees given two yearly applications of bis- 
(p-chlorophenoxy)-methane (K-1875), 2-(p-tert-bu- 
tylphenoxy) isopropyl-2-chloroethyl sulfite (Ara- 
mite), or p-chlorophenyl p-chlorobenzene sulfonate 
(K-6451) plus K-1875 at intervals: A. February and 
July. B. March and September. C. May and 


November. 


and reached as high a peak during the fall, 
on these trees as on trees treated in Feb- 
ruary (Fig. 3). 


5 C. A. Fleschner and his associates of the Department of 
Biological Control of the University of California Citrus Experi- 
ment Station studied the natural enemies of citrus red mite in 
this grove and found that the total] numbers of all predators were 
greatest in May and June, decreased during July and August, 
and were low during the fall and winter months. 
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When two applications were made 
yearly, at approximately 6-month inter- 
vals, those made in March and September 
resulted in the maintenance of lower mite 
populations than those made in any other 
combination of months (Fig. 4). Applica- 
tions in April and October, May and No- 
vember, and June and January were de- 
creasingly effective in maintaining low 
mite infestations, and serious fall infesta- 
tions followed February and July treat- 
ments. Measurement of the leaf injury re- 
sulting from feeding of citrus red mite 
likewise indicated that two applications a 
year were required to prevent serious 
mite-feeding injury, and applications in 
March and September resulted in less in- 
jury than any other combination of treat- 
ment timing (Table 1). 

When the results of the three acaricides 
are considered separatery, it will be ob- 
served that applications of any one in 
March and September resulted in effec- 
tive control of the citrus red mite for the 
year, 7.e., from March 1951 to March 
1952 (Fig. 5B). When applications were 
made in February and July (Fig. 5A), or 
in May and November (Fig. 5C), p-chlo- 
rophenyl p-chlorobenzene sulfonate (K- 
6451) plus bis-(p-chlorophenoxy)-meth- 
ane (K-1875) was the most effective of 
the three formulations, with 2-(p-tert- 
butylphenoxy) — isopropyl-2-chloroethy1 
sulfite (Aramite) next, and the bis-(p- 
chlorophenoxy )-methane formuiation (K- 
1875), alone, the least effective. 

The results of this experiment indicate 
that two yearly acaricide applications, one 
in March and one in September, resulted 
in effective control of citrus red mite in- 
festing oranges in Orange County. General 
observations over several years indicate 
that applications made in February or 
March, and again in September or Oc- 
tober, generally result in commercial con- 
trol of this mite on oranges. The present 
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results may therefore also be of valuable 
assistance in the timing of citrus red mite 
treatments on oranges in other coastal dis- 
tricts. Until similar studies are completed 
on lemons, these experimental results 
should not be used as a basis for timing 
citrus red mite treatments on lemon trees. 

Not all groves may require two treat- 
ments a year. These studies indicate, how- 
ever, that orange groves should be in- 
spected for populations of this mite in 
February. Should light infestations occur 
at that time, it appears desirable to treat 
during March and thus avoid mite in- 
jury, rather than to postpone treatment 
until the less desirable months of April, 
May, or June. 

SumMaAry.—Results of weekly evalua- 
tions of citrus red mite and egg popula- 
tions on untreated and treated Valencia 
orange trees in Orange County, California, 
over a period of a year, are summarized. 
Low humidity, when accompanied by 
winds, was found to produce temporary 
reductions in adult mite infestations. A 
single acaricide treatment, regardless of 
time of application, did not result in con- 
trol of this mite for a period of a year. Two 
applications a year of either 12 ounces per 
100 gallons of a 50 per cent wettable- 
powder formulation of p-chloropheny! 
p-chlorobenzene sulfonate (K-6451) plus 
1 ounce of bis-(p-chlorophenoxy)-meth- 
ane (K-1875), or 32 ounces per 100 gallons 
of a 40 per cent wettable-powder formula- 
tion of — bis-(p-chlorophenoxy)-methane 
(K-1875), alone, or 43 ounces of a 15 per 
cent wettable-powder formulation of 2-(p- 
tert-butylphenoxy) isopropyl-2-chloro- 
ethyl sulfite (Aramite), applied in March 
and September, resulted in adequate con- 
trol of this mite for the entire year. Appli- 
cations made at other times of the year 
resulted in reduced effectiveness, as com- 
pared with that of March and September 
treatments. 
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Effects of Carbon Dioxide on Fruit Flies in Hawaii’ 


MartTIN SHERMAN,” University of Hawaii, College of Agriculture, Agr. Expt. Sta., Honolulu, Hawaii 


When the toxic effects of various in- 
secticides to the three species of fruit flies 
in Hawaii were being studied, it was diffi- 
cult to separate and sex the flies quickly 
by the usual procedure being followed at 
that time. This procedure generally con- 
sisted of releasing the flies into a large 
cage fitted with a glass wall outside of 
which there was a light source to attract 
the flies. A loose cloth screen formed the 
cage’s opposite side. The worker leaned 
into the cage, under the cloth, and picked 
the flies off the glass wall with an aspira- 
tor or glass vial. A variation of this pro- 
cedure was to take the flies from the inside 
of their rearing cage in the same manner, 
using a light source at the glass front of 
the cage. These methods were found to 
be inefficient since they were time con- 
suming and the flies were often injured 
during trapping. As much as an hour 
was needed to collect and separate 300 
flies. 

The anaesthetic effect of carbon dioxide 
to insects has been known for many years. 
Williams (1946) and Willis & Roth 
(1949) described methods for the use of 
CO, as a continuous anaesthetic for in- 
sects. Dendy & Ellington (1920), Jones 
(1935), Pussard & Nepveu (1939), Oos- 
thuizen & Schmidt (1942), and L’Héri- 
tier (1948) studied the toxic effects of 
carbon dioxide on several insect species. 

This study was conducted in order to 
determine whether carbon dioxide could 
be safely and effectively used as an an- 
aesthesia for the fruit fly species present 
in Hawaii. The correlations between the 
sex and age of the flies and the toxic 
effects of CO. were also considered. 

MarerIALs AND Meruops.—The 
species of fruit flies used in this investi- 
gation were: the melon fly, Dacus cucur- 
bitae Coq., the oriental fruit fly, Dacus 
dorsalis Hendel, and the Mediterranean 
fruit fly, Ceratitis capitata (Wied.). Tin 
cans containing 300 to 600 pupae were 
placed individually in fly rearing cages 
which contained sugar and water for the 
emerging adults.4 Each cage contained 
four cubes of sugar placed in a petri dish 
bottom and a 50 to 100 ml. beaker con- 
taining water. A perforated paraffin disc 
Which floated on the water surface enabled 





the flies to have a constant supply of 
water and kept the mortality due to 
drowning at a minimum. The food sup- 
ply of C. capitata was supplemented with 
commercial sage honey. A few drops of 
honey were spread in thin layers on the 
glass front of the cage with a brush twice 
a day. 

A wooden anaesthesia chamber was 
built, within which the rearing cage could 
be placed and the carbon dioxide intro- 
duced. The chamber wa: fabricated with 
0.5 inch plywood and all joints were 
sealed with a sealing compound. The cham- 
ber consisted of a removable upper por- 
tion and a base with a wooden molding 
fitting snugly around the upper portion. 
The gas was introduced into the chamber 
through three vents. One-hole rubber 
stoppers prevented excessive leakage. A 
pair of glass windows on opposite sides 
of the upper chamber allowed for con- 
stant observation of the flies during the 
process of inactivation. 

In order to determine the effect of the 
age of the flies on the action of carbon 
dioxide, the flies to be treated were segre- 
gated into two age groups, namely 3 to 
4 days and 8 to 9 days old. The flies in 
ach cage were divided by allowing ap- 
proximately one-half of the flies to escape 
into a second cage. Water and food were 
removed from each cage approximately 3 
hours before each test. 

The cage was placed in the anaesthesia 
chamber and the flies were subjected to 
varying amounts of carbon dioxide by 
varying the pressure at which the gas was 
applied and the exposure period. 

Carbon dioxide was applied into the 
anaesthesia chamber from a pressurized 
cylinder at 5, 10, and 30 pounds per square 
inch (psi) pressure and flies were exposed 
to each of the pressures for 10, 20, and 30 
minutes. The volume of CO. delivered 
at the various pressures was determined 
by the water displacement method. The 


1 Published with the approval of the Director of the Hawaii 
Agricultural Experiment Station as Technical Paper No. 265. 

2 Akira Kubota and Minoru Tamashiro assisted in carrying 
out this study. 

3 Presented at the Pacific Branch Meeting of the American 
Association of Economic Entomologists, Santa Barbara, Cali 
fornia, June 1952. 

4The author is indebted to Dr. Clifford C. Roan of the 
U.S.D.A. Fruit Fly Investigations Laboratory, Honolulu, 
Hawaii, for making the pupae available. 
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volume delivered in ml. per minute at 
the various pressures follows: 5 psi, 
3907.2; 10 psi, 5616.6; 30 psi, 12210.0. 
This volume, of course, would vary with 
the size of the orifice of the pressure regu- 
lator on the CO, tank. Throughout the 
experiment the orifice was kept constant. 
During the process of anaesthesia, the 
movements of the flies were observed 
through the windows in the chamber. 
At the end of the exposure period, the fly 
‘ages were removed from the chamber and 
observations were made of the length of 
time necessary for recovery from the ef- 
fects of the carbon dioxide. Food and 
water were replaced in the cages and the 
flies held for 7 days during which time 
daily records of mortality were taken. 
The flies were also sexed in order to deter- 
mine whether there were any differences 
in the effect of carbon dioxide which 
could be associated with the sex of the 
flies. Each treatment was replicated three 
times and the mortality records were sub- 
jected to the analysis of variance. 

The concentration of CO, within the 
anaesthesia chamber at various intervals 
of time was determined for the various 
pressures used. A 30 ml. air sample from 
the chamber was taken with a hypodermic 
syringe and bubbled through a 51 per 
cent KOH solution. The concentration 
was calculated from the weight increase 
of the solution. Figure 1 contains these 
data. 

IMMEDIATE Errects OF ANAESTHESIA. 
—The three species of fruit flies exhibited 
similar symptoms during inactivation. 
Shortly after the introduction of the CO, 
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Fic. 1.—The concentration of CO, within the 
anaesthesia chamber at various intervals after the 
start of gas delivery. 
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the flies began to walk unsteadily and 
most of them soon turned onto their 
backs but continued to move their legs 
spasmodically. Those on the upper sur- 
face or walls of the cage dropped to the 
bottom. Some flies exhibited spasmodic 
movement of their legs as long as 5 min- 
utes after knockdown. 

Table 1 summarizes the average knock- 
down time for the three species of fruit 
flies at the various pressures of CO,. With 
an increase of the CO, delivered per unit 
time, and therefore the percentage of CO, 
in the chamber, the rate of inactivation 
increased. There was an appreciable time 
interval between the anaesthetization 
of the first fly and the total fly population 
within a cage. The minimum concentra- 
tion of CQ, necessary for anaesthesia 
was between 20 and 40 per cent while 
the maximum was between 50 and 60 
per cent. 

RECOVERY FROM ANAESTHESIA.—Ob- 
servations were made of the speed of 
recovery from the anaesthetic effects of 
the COs». If the chamber is to be employed 
to inactivate flies for use in toxicological 
experiments, or for the marking of flies 
for release and later recovery, they must 
remain inactive long enough for handling. 
For separating the flies in regard to sex 
and counting them into smaller recepta- 
cles from the larger rearing cages, an ex- 
posure of 10 minutes at 5 psi pressure is 
sufficient for all species. 

There was no detectable difference in 
the rate of recovery of the two age groups 
or the three species of fruit flies studied. 
When the cage was removed from the 
chamber, the flies were completely inac- 
tive and the majority were lying on their 
backs. However, partial recovery began 1 
to 4 minutes after removal. In some in- 
stances there were temporary spasmodic 
movements during which a fly vigorously 
flapped its wings, spun about, then lapsed 
back into inactivity. The first visible indi- 
cation of true recovery was a twitching of 
the legs and if a pencil or other object 
touched the pulvilli, the fly would cling to 
it. Between 4 and 21 minutes after re- 
moval of the cage from the chamber the 
flies were able to stand, but they remained 
stationary, not moving even’ when 
touched, for a varying period of time de- 
pending upon the length of time they were 
exposed to COs. The ability to walk and 
climb was eventually followed by the 
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ability to fly (between 10 and 38 minutes 
after removal of the cage). 

‘There was much individual variation in 
recovery rate between flies in the same 
cage. In many instances the first inidi- 
vidual to fly did so while the majority of 
the flies were still on their backs. 

‘lo illustrate one practical application 
of CO, anaesthetization, the following 
study was made. Several cages of 3 to 4 
day old melon flies, Dacus cucurbitae, were 
anaesthetized using 30 psi pressure and a 
10 minute exposure period. They .re- 
mained inactive long enough for over 200 
flies in each cage to be clearly marked with 
lacquer. Several flies escaped during the 
marking process but their number was in- 
significant. The marked flies were held 
and observed for 7 days and no significant 
deviation from natural mortality was ob- 
served. D. dorsalis and Ceratitis capitata 
could also be safely marked using this 
method of anaesthetization. 


Table 1.—Average knockdown time of three 
species of fruit flies caused by varying pressures 
of carbon dioxide. 








Tre (min.) Requirep 
FOR KNOCKDOWN AT 
FLIEs Various Pressures 
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SPECIES (days) DOWN 5 Psi 10Psi 30 Psi 
Ceratitis capitata 3-4 first 1.5 1.5 0.5 
3-4 all 5.5 4.5 2.8 
8-9 first 0.9 1.0 0.9 
8-9 all 5.7 3.8 2.5 
Dacus cucurbitae 3-4 first 17 1.2 1.0 
3-4 all 5.3 4.5 2.2 
8-9 first 1.0 1.0 0.5 
8-9 all 6.0 4.0 2.0 
Dacus dorsalis 3-4 first 1.8 38 0.6 
3-4 all 5.6 8.5 2.1 
8-9 first 1.6 0.9 0.7 
8-9 al 5.2 3.8 2.0 





Errect OF CARBON DIOXIDE ON Natu- 
RAL Mortarity.—Tables 2 to 4 show the 
effect on mortality of the three species of 
fruit flies 7 days after varied intervals of 
exposure to CO, applied at differing pres- 
sures. The effects on two age groups and 
both sexes of the flies are recorded. 

(a) Melon fly——The natural mortality 
of the melon fly varied between 14.3 and 
18.2 per cent during the week following 
treatment, depending upon the sex and 
age of the flies (table 2). There was no 
significant increase in mortality due to 
CO, treatment. Neither was there a sig- 
nificant difference in mortality between 
the two age groups studied. There was a 
higher mortality among the males than 
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the females; however, this was probably 
due to an inherently shorter length of life 
of the males. 

(b) Oriental fruit fly—The natural 
mortality of the oriental fruit fly varied 
between 14.7 and 22.2 per cent, depending 
upon the sex and age of the flies (table 3). 

Although there was no significant dif- 
ference in the effect of CO, that could be 
associated with sex, there was a difference 
in mortality between the two age groups. 
The 3 to 4 day old flies were less affected 
by the CO, than were the 8 to 9 day old 
flies. 


Table 2.—Effect of varying exposure times of 
3 to 4 and 8 to 9 day old melon fly, Dacus cu- 
curbitae, to CO: applied at various pressures on 
mortality. Data taken 7 days after treatment and 
corrected for natural mortality (Abbot, 1925) 








Correctep MEAN 

















Tora Fues Per Cent 

TREATED Morratity 

Pres, Exp. 3-4 8-9 3-4 8-9 
(psi) (min.) Sex Days Days Days Days 
5 10 9 662 675 16.9 2.1 

10 fof 698 701 22.2 9.1 
20 9 476 354 4.2 5.0 
20 fous 486 368 9.1 10.4 
30 2 728 426 3.7 5.0 
30 fot 1004 394 4.5 9.2 
10 10 9 415 785 1.8 2.3 
10 fous 364 734 11.8 3.9 
20 2 489 505 0.5 0.6 
20 rofl 532 463 0.5 2.9 
30 g 625 560 7.6 5.7 
30 fou 665 449 6.6 12.5 

30 10 2 568 589 4.4 4.1 
10 fos 583 554 7.2 9.2 

20 g 666 393 9.6 7.4 

20 ofl 666 372 17.6 13.1 

30 9 591 686 18.8 0.7 

30 fot 693 527 15.0 14.4 

Natural mort. 2 658 999 14.3 14.4 
(untreated) foul 14.4 


760 872 18.2 





| 
| 


Between treatments F =1. 
Between sexes F=6.35 
Between age groups F =3 





1 Not significant. 
2 Significant at 0.05 level. 


Among the 8 to 9 day old flies of both 
sexes, all CO, treatments except the 10 
minute exposure period at 5 psi pressure 
significantly increased the mortality over 
the natural mortality in the untreated 
cages. Among the 3 to 4 day old female 
flies, all the CO, treatments except the 10 
and 30 minute exposure periods at 5 psi 
pressure and 10 minute exposure period at 
30 psi pressure resulted in significantly 
higher mortality than occurred among the 
untreated flies. 

In general, there was no increased mor- 
tality among the flies at the lowest ex- 
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Table 3.—Effect of varying exposure times of 
Dacus dorsalis to CO, applied at various pres- 
sures on mortality. Data taken 7 days after treat- 
ment and corrected for natural mortality (Abbott, 
O06), 








CorreEc . :D MEAN 








Toran Figs Per Cent 
TREATED Morr ALITY 
Pres. Exp. 3-4 8-9 3-4 8-9 
(psi) (min.) Sex Days Days Day . _Days 
5 10 g 301 231 3. 5 7.4 
10 " 345 247 0.0 0.0 
20 2 245 260 14.5 11.1 
20 foul 298 279 7.5 11.1 
380 ? 276 247 5.7 29.2 
30 fou 280 262 1.4 25.8 
10 10 ? 274 212 9.7 22.6 
10 fou 278 210 $.1 19.3 
20 ge 242 273 27.5 17.5 
20 ou 278 301 20.3 11.4 
380 Q 283 263 19.8 27.1 
30 o" 297 266 16.3 15.6 
30 10 2 236 262 4.0 15.0 
10 feu 255 303 1.1 5.4 
20 °) 157 237 20.8 18.6 
20 fou 210 233 20.1 11.7 
80 9 192 228 25.0 29.8 
30 fou 219 224 38.2 20.1 
Natural mort. Q 308 294 14.7 19.2 
(untreated) roi 349 308 18.8 22.2 


| 














Between treatments F=6.65? 
Between sexes F=0.16! 
Between age groups F=9.98? 





1 Not significant. 
2 Significant at 0.01 level. 


posure period, regardless of the pressure 
at which the gas was introduced into the 
anaesthesia chamber. 

In the course of toxicological studies 
carried out by the personnel of the 
U.S.D.A. Fruit Fly Investigations labora- 
tory, it was found that Dacus dorsalis fed 
protein hydrolysates were more resistant 
to the toxic action of insecticides than 
were flies maintained only on a sugar, 
water, and fruit juice diet. In the present 
study the effect of feeding protein hy- 
drolysate on resistance to the toxic effects 
of carbon dioxide was determined. Four 
day old flies were treated with COs, the 
only difference being that a protein® was 
added to the sugar and water diet and was 
available to the flies from the time they 
emerged. Table 4 summarizes the results 
of the study. The addition of this material 
increased the ability of the flies of both 
sexes to withstand the toxic effects of car- 
bon dioxide. There was no statistically 
significant difference in mortality among 
the CO, treated and untreated flies. 

(c) Mediterranean fruit fly—There was 

5 “MRT”—a proprietary protein hydrolysate described b, the 
manufacturer, Marvin R. Thompson Co., as a “freely soluble 
enzymatic hydrolysate of primary grown brewers type aoe 


tional yeast containing free amino ac ids, polypeptides and all 
factors of vitamin B complex.” 
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Table 4.—Effect of feeding MRT protein hy- 
drolysate and varying exposure times of 4 day 
old oriental fruit flies, Dacus dorsalis, to CO, ap- 
plied at various pressures on mortality. Data 
taken 7 days after treatment and corrected for 
natural poskinssthenore J (Abbott, 1925). 





CorRRECTED 
Tora. MEAN 
PREs. Exp. Fiies Per Cent 
(psi)  (min.) Sex ‘TREATED Moeraury 














5 10 9 200 5.7 

10 fot 203 6.2 

20 9 204 0.0 

20 rot 232 0.0 

30 Q 188 0.0 

30 fof 232 5.0 

10 10 Q 259 0.0 

10 rot 302 0.0 

20 9 195 0.0 

20 re 206 10.6 

30 Q 251 0.0 

30 fou 285 6.6 

30 10 Q 171 0.0 

10 rot 217 1.3 

20 Q 213 0.6 

20 ro 230 A | 

30 g 240 7.3 

30 rot 221 16.7 

Natural mortality 2 581 12.4 
(untreated) of 590 10.3 





Table 5.—Effect of varying exposure times of 
3 to 4 and 8 to 9 day old Mediterranean fruit fly 
Ceratitis capitata, to CO, applied at various pres- 
sures on mortality. Data taken 7 days after treat- 
reo and corrected for natural mortality (Abbott, 
1925). 





Correctep MEAN 


Tora Futes Per Cent 
TREATED Morrvaity 
Pres. Exp. 3-+ -9 3-4 8-9 
(psi) (min. ) Sex Days Pt Days Days 
5 10 g 217 178 11.9 $2.2 
10 cM 250 241 11.9 28.0 
20 ge 141 352 12.6 40.0 
20 fof 110 357 24.0 35.8 
30 g 275 289 28.9 50.4 
80 rot 285 377 29.4 59.9 
10 10 g 244 195 5.9 18.4 
10 ou 250 213 16.3 28.1 
20 Q 334 289 18.0 45.0 
20 rofl 350 307 18.6 59.5 
30 2 214 232 42.4 73.3 
30 rot 180 291 41.4 67.0 
30 10 g 155 231 9.0 57.4 
10 fot 142 284 17.4 66.5 
20 g 258 171 26.8 $4.3 
20 rot 263 217 25.4 86.1 
30 133 422 65.1 94.9 
30 rol 130 510 64.4 94.2 
Natural mort. g 498 471 9.0 35.5 
(untreated) fof 454 527 8.6 34.6 


Bewteen treatments F =2 
Between sexes F=3.96! 
Between age groups F =3 





1 Not significant. 
2 Significant at 0.01 level. 
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| wide range of natural mortality of 
Mediterranean fruit flies depending upon 
the age of the flies (table 5). The natural 
mortality among the 8 to 9 day old flies 
was four times that among the 3 to 4 day 
old flies. The older flies were also more 
susceptible to the toxic effects of COs, al- 
though exposing the younger flies to this 
vas also resulted in a statistically signifi- 
cant increase in mortality. However, there 
was no differential resistance to the effects 
of the anaesthetic that could be associated 
with sex. 

Increasing the concentration of the gas 
or the exposure period increased the mor- 
tality. 

SUMMARY AND ConcLusions.—The ef- 
fects of CO, on the melon fly, Dacus cu- 
curbitae Coq.; the oriental fruit fly, Dacus 
dorsalis Hendel; and the Mediterranean 
fruit fly, Ceratitis capitata (Wied.) were 
studied. Flies of two age groups were 
placed in a specially designed anaesthesia 
chamber and exposed to CO, introduced 
at various pressures for 10, 20, and 30 
minutes. Determinations were made as to 
the concentration of gas within the cham- 
ber, the speed of anaesthesia, the time re- 
quired for recovery of the flies, and finally 
the toxie effects of the treatments. 

The following conclusions were drawn 
from the study. 

1. The three species of fruit flies ex- 
hibited similar reactions during inactiva- 
tion by COx. 

2 After removal from the anaesthesia 
chamber, 10 to 38 minutes were required 
for the flies to recover sufficiently to begin 
flight activity. 

3. The order of resistance to the toxic 
effects of CO, is melon fly > oriental fruit 
fly > Mediterranean fruit fly. 

4. The fortification of the oriental fruit 
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fly’s diet with protein increased its re- 
sistance to the toxic effects of CO, yet did 
not affect rapidity of inactivation by the 
gas. 

5. There was no difference in toxicity 
of CO, to the oriental fruit fly and the 
Mediterranean fruit fly which could be 
correlated with sex. However, there was a 
higher mortality among the males than 
there was among the females of the melon 
fly. It is doubtful whether this difference 
in mortality of the melon fly was due to 
COs: treatment. 

6. There was a significantly higher mor- 
tality among the older age group of orien- 
tal fruit fly and Mediterranean fruit fly 
than among the younger age group. There 
was no difference in mortality between the 
two age groups of the melon fly. 

7. The anaesthesia chamber method 
for the separation of fruit flies offers sev- 
eral decided advantages over the previous 
method. These are: 

(a) The equipment takes up little space 

(b) The procedure saves time, labor, 

and money 

(c) It has flexibility in that the period 

of anaesthesia may be varied with 
the species as needed 

(d) The insects are under constant ob- 

servation 

(e) A small amount of CO, inactivates 

the insects for a sufficient time for 
handling 

(f) When used for 10 minute exposure 

periods the gas was non-injurious to 
all the flies tested except the older 
group of Mediterranean fruit flies 

(g) This method of inactivation may 

also be used for marking flies for 
subsequent release and recovery 
with a minimum of time, effort, and 
equipment. 
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The original turntable modification of 
the Peet-Grady method was developed 
by Dr. Frank O. Hazard at Insecticide 
Testing Laboratories, Wilmington, Ohio, 
in 1946. The modification was developed 
shortly after chlorinated hydrocarbon 
insecticides were coming into general use, 
and was designed to give results compa- 
rable to the standard Peet-Grady Method* 
and at the same time to keep house flies 
from coming into direct contact with 
residual materials which might remain 
on the Peet-Grady chamber walls after 
the cleaning procedure. The deposition 
of spray material on the test flies as re- 
lated to turntable speed is reported in this 
paper, along with comparative deposit 
studies of the turntable modification and 
the large and small group Peet-Grady 
procedures. Relative toxicities of some of 
the more recent organic insecticides are 
also given. 

APPARATUS AND MATERIALS.—Sleeve 
type rearing cages were modified for 
transferring small quantities of flies direct- 
ly into test cages without the use of chilling 
or carbon dioxide anesthesia. A 5.5 inch 
diameter circular opening was cut in the 
back of each cage. The opening was 
covered with a 6.5 inch galvanized iron 
disc pivoted on a single screw to permit 
its sliding open or closed. Test insects 
were collected by wrapping a_ towel 
around the base of a test cage and holding 
it in the opening of the stock cage. The 
desired number of flies would enter the 
test cage when the sides of the stock 
cage were tapped. The flies were not 
counted into the test cage, but the num- 
ber was estimated by their density in the 
cage. 

‘The test cages were made of 16-mesh 
galvanized wire screen. An 83 by 17.5 
inch piece of screen was formed into a 
cylinder of 5 inch inside diameter. A 5.5 
inch screen disc with 0.5 inch of the margin 
turned up was then secured inside of the 
cylinder with split copper rivets, to pro- 
vide a top. This produced a cage with in- 
side measurements of 5 inches diameter 
by 8 inches high. A 1.5 inch flat brass 
cabinet hook was riveted 1.625 inches from 
the cage bottom. Five and one-half inch 
diameter petri dishes were used as bot- 
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toms for the cages. The test cages and 
glassware were easily decontaminated by 
holding them in an oven at 150° to 170° C. 
for 24 hours. Test cages decontaminated 
in this manner, after being painted with 
five percent solutions of each material 
tested, failed to show any toxic effects 
on house flies after 24 hours exposure. It 
was important that the cages be thor- 
oughly decontaminated for they were also 
used as recovery and holding cages. 

The turntable apparatus was powered 
by a phonograph turntable induction disc 
motor, mounted on a stool of sufficient 
height to allow the turntable disc to be 
38 inches from the floor of the Peet- 
Grady chamber. The 48 inch diameter 
turntable disc was constructed of $ inch 
masonite, painted with black laboratory 
enamel to resist the absorption of oil and 
insecticidal materials. Four pairs of eye- 
lets were spaced 90 degrees apart on the 
disc. When a test was conducted, 18.5 
cm. filter paper circles were placed over 
the eyelets and a test cage secured by 
the hook, to the inside eye. 

A Klett-Summerson Macro-Micro 
photoelectric colorimeter, with a green 
filter having a maximum transmission at 
500-560 millimicrons was used for all of 
the spray deposit determinations. To 
determine the amount of material actually 
deposited on house flies in both the Peet- 
Grady method and the turntable modifi- 
‘ation, it was decided to use a normally 
colorless material that would produce 
colored solutions for colorimetric work and 
yet not be unsightly or difficult to remove 
from the Peet-Grady chamber walls. 
Thymolphthalein was the material se- 
lected. It is a colorless material which 
shifts to deep blue within the pH range 
of 9.8 to 10.5. In solutions washed from 
flies with absolute ethyl alcohol the color 
was developed by adding 1 ml. of 1 
Normal alcoholic potassium hydroxide 
per 10 ml. of washings in the colorimetric 
tube. 


Parp Paper. 

1 Costs for prompt publication were paid by the Velsicol 
Corp., Chicago, Il. 

2 Presents address: Research Laboratory, J. I. Holeomb Mfr. 
Co., Indianapolis, Ind. 

3 Official Method of the Chemical Specialties Mfrs. Assoc. for 
evaluating liquid household insecticides. Reprinted from 1946 
SOAP BLUE BOOK, p. 211-214. Rev. 1952. 









adc 


At 2 PEN 


om 


in 


ce ae 





ebruary 1953 Lockarp & Fisk: Mopirication or Peet-Grapy Metruop 21 


Table 1.—Names and sources of chemicals tested, with the per cent concentration upon which 


formulations were based. 








CHEMICAL! 


Per Cent 





drin (recrystallized) 

lethrin (conce.) 
chlordane (tech.) 
22008 (G-22008) 
23611 (G-23611) 


CS-708 (Dilan) 

DDT 

dieldrin (reerystallized) 
heptachlor (recrystallized) 
lindane 

malathon (tech.) 

methyl parathion (tech.) 
NPD (tech.) 


parathion 


CONCEN- 
Deriniti0n! SourcE TRATION 
Velsicol Corp. 100 
McLaughlin Gormley King Co. 20 
Velsicol Corp. 100 
Geigy Co., Inc. 100 
3-methyl-1-isopropyl-5-pyr- Geigy Co., Inc. 100 
azolyl dimethyl carbamate 
Commercial Solvents Corp. 100 
Geigy Co., Inc. 100 
Velsicol Corp. 100 
Velsicol Corp. 100 
California-Spray Chemical Corp. 100 
American Cyanamid Co. 89 
Chemagro Corp. 100 
tetra-n-propyl dithionophos- —_ E.I. duPont de Nemours 100 
phate American Cyanamid Co. 95 
Victor Chemical Works 40 


TEPP 
toxaphene 
O.T.1. (Official Test In- 


secticide) refined kerosene 


0.1% mixed pyrethrins in 


Hercules Powder Co. 100 
Chemical Specialties Manufac- -- 
turers Assoc. 





1 Wherever possible the names listed above are taken from the list compiled by the Committee on Insecticide Terminology of the 
American Association of Economic Entomologists for use in the JourNaL oF Economic ENtomoLoey (Jour. Econ. Ent. 45: 165-6) . 
Definitions are given above for those materials which do not appear on that list. 


The materials used in the toxicity stud- 
ies were supplied by the companies 
listed in Table 1 below. 

ProceDURE.—The turntable apparatus 
was placed in the center of a standard 
Peet-Grady chamber. The speed of the 
turntable was adjusted to 20 revolutions 
per minute during the toxicity tests, but 
was varied from 0 to 20 r.p.m. for the 
deposit studies. All of the materials 
listed in table 1 were formulated as space 
sprays on a weight/volume basis. The 
desired amount of material was first dis- 
solved in 10 ml. of acetone and the volume 
was then brought up to 100 ml. by the 
addition of Deo-Base.4 When sprays of 
very low concentrations were desired, 
stock solutions were prepared in the above 
manner and then portions of the stock 
diluted to the desired concentration with 


Deo-Base. Peet-Grady procedure was 
followed when applying sprays and hold- 
ing insects for mortality data. The es- 
sential difference between the standard 
and the modified procedure is of course 
in the turntable with its test cages; the 
standard procedure was followed in detail 
with that exception. 

One per cent thymolphthalein sprays 
were formulated using 1 gram of thymol- 
phthalein, 40 ml. acetone, and 60 ml. of 
Deo-Base. This formulation was used in 
determining deposits of spray under con- 
ditions similar to those where materials 
having poor knock-down properties are 
employed. To simulate an_ insecticidal 
material having good knock-down proper- 
ties O.T.I. was substituted for the Deo- 


4A refined deoderized kerosene purchased from L. Sonneborn 
Sons, Inc., New York. 


Table 2.—Average deposits of spray material in micrograms per fly at different turntable speeds. 


Sprays were 1% thymolphthalein with or without Official Test Insecticide. 











A. Sprays Wirnovt O.T.I. 





TuRN- 
TABLE ooo 
SPEEDS IN No. of Total Average 
R. P.M. Tests Flies Deposit 
0 5 596 0.60+ .40 
10 7 911 0.84+ .28 
15 11 1225 1.64+ .29 
20 9 953 2.14+ .82 





B. Sprays Wirtu O.T.I. 


No. of Total Average 

Tests Flies Deposit 
4 427 1.61+ .42 
4 432 2.04+.14 
4 436 2.28+ .07 
4 438 2.92+ .39 
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Base in the above formulation. These 
sprays were applied to flies in both the 
large and small group Peet-Grady pro- 
cedures and the turntable modification. 
When the Deo-Base-thymolphthalein 
spray was used, it was necessary to 
anesthetize the flies with carbon dioxide 
gas in order to remove the deposit. 

Resutts.—In spray deposit tests with 
the turntable modification colorimetric 
analyses yielded the results shown in 

table 2. At 20 r.p.m. the spray containing 
O. T.I. gave knock-down and mortality 
data nae closely approximating those 
from the standard Peet-Grady method. 
Tle sprays containing Official Test In- 
secticide resulted in deposits which were 
consistently higher than those from the 
sprays without insecticide, due presum- 
ably to the pyrethrins causing increased 
fly activity which resulted in the flies 
picking up more spray material. This 
difference between materials which do 
or do not stimulate fly activity becomes 
very important when mortality data from 
space sprays are compared with results 
from topical application, since the latter 
are independent of any stimulatory ef- 
fects. 

In six large group Peet-Grady tests 
(5,644 total flies) with sprays containing 
O.T.I. the average deposit was 6.16 + 1.09 
micrograms per fly. In six small group 
Peet-Grady tests (630 total flies) the 
average deposit was 6.75+.75 micro- 
grams. Comparing these data with those 
of the turntable modification, it is found 
that the deposit received by flies in the 
Peet-Grady test is twice as great as that 
received by flies in the turntable tests at 
20 r.p.m. From the data of the turntable 
tests it can be inferred that the turntable 
speed would have to approach 40 r.p.m. 
for the flies to collect an average deposit 
equal to that which the flies receive in 
the standard Peet-Grady method. 

In an attempt to explain this anomaly 
a study in the variations in deposit re- 
ceived by the flies with each method was 
made. Since it was impractical to measure 
the deposit on single flies, the flies were 
collected and washed in groups ranging 
from 56 to 141 flies each. In a single large 
group Peet-Grady test flies were exposed 
to a 1 per cent thymolphthalein space 
spray containing O.T.1. Paralyzed and un- 
paralyzed were collected in separate lots 
and deposits determined. The  de- 
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posits: for three groups of paralyzed flies 
were 7.98, 6.41, and 7.43 micrograms per 
fly. Two groups of unparaly zed flies re- 
ceived deposits which averaged 5.09 and 
5.22 micrograms per fly. In a single turn- 
table test with a spray containing O.T.I. 
and 1 per cent thymolphthalein, the de- 
posits received per fly in four test cages 
were 3.14, 3.14, 3.22 and 3.25 micrograms. 
Thus, in the Peet-Grady test some flies 
receive much more spray than others, 
while in the turntable tests the deposits 
are more uniform. The data of Murray 
(1940) show this variability in the stand- 
ard test. In many instances in the stand- 
ard Peet-Grady test, many of the flies 
which remain up are unaffected not be- 
cause of their tolerance of the insecticide, 
but because they have not received an 
adequate amount of material to produce 
knock-down. Nevertheless, even the up 
flies receive an average deposit greater 
than that necessary for knock-down with 
the turntable modification. While it is 
obvious that the screen cages used in the 
turntable modification reduce the amount 
of spray available to the test flies within 
them, the amount of reduction being 
inversely related to the speed of the turn- 
table, it is difficult to explain entirely 
on the basis of greater uniformity of dose 
why flies in the turntable modification 
require less than half the deposit received 
in the standard test. 

When four cages of flies are placed on 
the turntable at one time, the average 
deposit per fly is uniform from cage to 
cage, but variation in the amount of 
material deposited does occur between 
different tests due to slight variations 
in the physiological condition of the 
test insects and in the spraying technique. 
It is suggested that perhaps two atomizers 
be mounted on the Peet-Grady chamber 
in such a manner as to effect a uniform 
distribution of spray. This might tend to 
eliminate any error due to inconsistencies 
in the spraying technique from test to 
test. 

Results of the toxicity tests are given 
in table 3. The mortality data at each 
level of concentration were averaged and 
the averages plotted on log-probability 
paper. A straight line was drawn by eye to 
fit the points as closely as possible and 
the dosage causing 50 per cent mortality 
(LDs50) read from this line. The line may 
be better fitted by an arithmetical process. 
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Table 3.—Summarized toxicities of organic in- 
secticides to the house-fly, employing a turn- 
table modification of the Peet-Grady method. 











CONCENTRATION TEN 
OF SPRAY IN MINUTE 
Ma./Mu. to GivE Kwnock- 
LDs5o AT 24 DOWN AT 
CHEMICAL Hours LDs5o Conc. 
dieldrin 0.017 None 
parathion 0.02 None 
methyl parathion 0.025 None 
lindane 0.046 None 
heptachlor 0.052 None 
aldrin 0.056 None 
TEPP 0.069 About 70% 
chlordane 0.25 None 
DDT 0.35 None 
malathon 0.48 None 
toxaphene 0.68 None 
NPD 0.69 None 
CS-708 (Dilan) 0.72 About 30% 
23611 1.15 Complete 
allethrin 1.5 Complete 
22008 5.5 Complete 





However, Finney, (1947) states that if the 
data lie very close to a straight line then 
there is little need for improvement of the 
line fitted by eye in routine tests. 

For routine toxicity tests Bliss (1939) 
states that two dosages of the standard 
and unknown should be sufficient to ob- 
tain a probit line and that a good rule to 
follow is to adjust a smaller dosage mor- 
tality point to 40-60 per cent kill and 
double the dosage for the higher mortality 
point. In the turntable tests at least two 
points were determined for every com- 
pound tested. 

The 10-minute knock-down at the 
median lethal concentration is also indi- 
cated for each material in table 3. It may 
be mentioned that many of the insecti- 
cides listed in table 3 which do not knock- 
down flies within 10 minutes time will do 
so within 20 or 30 minutes. The 10- 
minute knock-down is one of the standard 
measurements of the Peet-Grady test and 
serves to differentiate those materials 
which most rapidly paralyze flies. 

From the data shown in table 3, para- 
thion was the most toxic of the organic 
phosphates. The probit line for para- 
thion was steeper than that for dielderin, 
making it more effective than the latter 
inaterial at concentrations exceeding .025 
mg./ml. Comparing median lethal con- 
centrations, parathion was 3.5 times as 
toxic as TEPP, 24 times as toxic as mala- 
thon and about 34 times as toxic as 
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NPD. Parathion was about 1.25 times as 
toxic as its methyl analog. Gersdorff & 
Nelson (1948) found parathion to be 
three times as toxic as TEPP. In 1951, 
Gersdorff & Mitlin reported parathion 
to be 1.5 times as toxic as its methy! ana- 
log. 

Among the chlorinated hydrocarbons, 
dieldrin was the most toxic material to 
the house fly and its LDs50 was the lowest 
of any of the chemicals in table 3. Dieldrin 
was three times more toxic than aldrin or 
heptachlor and fifteen times as toxic as 
technical chlordane. Aldrin and_ hepta- 
chlor were of the same order of toxicity 
and were five times as toxic as chlordane. 
Gersdorff, et al. (1950), found dieldrin 
to be 1.5 times as toxic as aldrin or hepta- 
chlor and six times as toxic as chlordane. 
Kearns et al. (1949), employing the 
wind-tunnel method of Roan & Kearns 
(1948), found dieldrin to be twice as toxic 
as aldrin and heptachlor and about ten 
times as toxic as technical chlordane. 
The apparently enhanced toxicity of 
dieldrin in our tests may have resulted 
from the use of a highly purified sample. 
Endrin (Compound 269) and isodrin (Com- 
pound 711), the endo-endo isomers of 
dieldrin and aldrin, respectively, were 
not included in our tests. These isomers, 
while more effective against some insects, 
have been shown by Gersdorff et al. 
(1952), to be less toxic to the house fly 
than aldrin, heptachlor, or dieldrin. 

Technical chlordane was 1.5 times as 
toxic as DDT. Kearns & Metcalf 
(1945), using the large group Peet- 
Grady method, found chlordane to be 
three times as toxic as DDT, but Gers- 
dorff, et al. (1945, 1950), found chlordane 
to be 1.5 times as toxic as DDT. DDT 
was about twice as toxic as Dilan in our 
tests. Dilan and toxaphene were of the 
same order of toxicity at the 50 per cent 
mortality level, but Dilan was more effec- 
tive at higher concentrations. 

Two carbamates were tested, with 
G-23611 being about 5 times as toxic 
as G-22008. These materials are interest- 
ing in that they have promising knock- 
down properties. However, it has been 
shown that they inhibit cholinesterase as 
do the organic phosphates and must 
therefore be considered hazardous. In- 
deed, G-23611 is of the same order of 
mammalian toxicity as parathion, while 
G-22008 is considerably less toxic. 
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A comparison of the allethrin data with of some of the more recent organic insecti- 
those assembled for the O.T.I. which is cides, using the turntable modification. 
essentially 0.1 per cent mixed pyrethrins, LDso’s for various insecticidal materials, 
showed the latter insecticide to be about determined by this method, are in genera! 
one-third again as toxic as allethrin. in the same relative order as LDs5’s de- 
SumMMArRY.—A turntable modification rived by the Campbell Turntable pro- 
of the Peet-Grady method is described cedure and other methods currently in 
and the deposition of spray material use. 
as related to turntable speed is reported. The turntable modification is not de- 
It is shown that the average deposit re- signed to replace the Peet-Grady method, 
ceived per fly in the turntable procedure but it is offered as an alternative tech- 
is about half that received per fly in the nique. In contrast to the Peet-Grady 
standard Peet-Grady method, presuma- method, the turntable modification may 
bly because the flies in the turntable modi- be used with insecticides which do or do 
fication receive a more uniform deposit not have knock-down properties. It is also 
of spray. The turntable modification at 20. adapted to materials which do or do not 
r.p.m. consistently yields O.T.I. data show residual toxicity, in that the test 
which fall within the 30-55 per cent mor- insect does not come into contact with 
tality range specified by the Peet-Grady — the test chamber walls. The modification 
procedure. provides a more rapid and economical 
Comparative toxicity studies weremade method of testing liquid spray materials. 
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THE SriegmMorp DosaGE-ResPponsE Curvs, by 
D. J. Finney. 1952. 2d ed. Pp. 318. Cambridge, 
England. 


The first edition of this book (1947) has been 
popular and was sold out promptly. The second 
edition contains the material of the first, with an 
added chapter on recent developments in tbis active 
field. It also has added reference and tables, and a 
few sections have been revised. 





log-probit interpretation of the dosage-mortality 
curve. It includes discussion of the logic and history 
of this method, of alternative methods, mathemati- 
cal solutions, determination of error of comparisons, 
and treatment of special situations. It includes useful 
tables and a technical appendix on derivations. 

The book will continue to be exceedingly helpful 
and convenient in the application of this widely 
used method of analysis. 


F. M. WaDLEyY 
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Natural Control of Citricola Seale in California’ 


Buair R. Bartiert, University of California Citrus Experiment Station, Riverside 


Citricola scale, Coccus pseudomagnoli- 
ayum (Kuw.), has been one of the most 
serious insect pests of citrus in the interior 
citrus areas of central California continu- 
ously since about 1914. It was a corre- 
spondingly serious pest in southern Cali- 
fornia interior citrus areas from 1914 until 
the 1934-35 winter season, when a rapid 
and unexplained decline in the scale popu- 
lation occurred. In most of the southern 
California interior areas the scale has 
never recurred as a pest; in a few localized 
districts it has been sporadically abundant 
every few years, but has never reassumed 
the pest prominence of the 20 years pre- 
ceding 1934. 

Natural enemies have at times con- 
trolled citricola scale populations effec- 
tively in some southern California citrus 
groves (Flanders 1942, DeBach 1949). No 
comparable examples of control have been 
recorded from central California. The 
present studies were undertaken in July, 
1950, and continued to July, 1952, to de- 
termine natural control factors involved 
in limiting seale densities in the two cli- 
matically similar areas, and the factors as- 
sociated with the periodic decline and re- 
surgence of the pest in southern Cali- 
fornia. Monthly surveys and_ periodic 
counts of scale and parasite densities in 10 
untreated citrus plots in central and 
southern California have indicated im- 
portant differences in scale mortality fac- 
tors in the two areas. 

In untreated citrus orchards in central 
California, citricola scale is distributed 
uniformly throughout an area of infesta- 
tion. In southern California, infestations 
generally conform in design to one in 
which a pest is held in partial check by 
natural enemies—that is, distribution is 
colonial either within a grove or some- 
times over wider areas. Progressive reduc- 
tion of seales by parasites first results in 
scale elimination from lightly infested 
centers, followed by eventual elimination 
from heavier foci. The colonial pattern of 
distribution is retained until complete 
subjugation of the scale by parasites. 

Reduction of citricola scale populations 
by natural factors in southern California 
nay culminate in nearly complete elimi- 
nation of the scale at any time from May 


to December. The amount of reduction 
depends upon the cumulative effective- 
ness of the following natural factors: (1) 
abiotic reduction of newly hatched scale 
populations by high temperatures from 
June through August, (2) parasitization 
and host-feeding of second- and early 
third-stage scale by Metaphycus luteolus 
(Timb.) from July to November, (3) 
parasitization and host-feeding of early 
third-stage scale by M. helvolus (Comp.) 
from July to January, and (4) parasitiza- 
tion of late third-stage scales by M. 
luteolus from May to July. 

NatTuRAL ContROL OF SCALE BY Hicu 
SUMMER TEMPERATURES.—The effect of 
high temperatures upon newly hatched 
and settled citricola scale is often the 
major factor limiting abundance of the 
pest. The degree of mortality from this 
source regulates the ultimate success of 
parasites in producing economic biological 
control, since parasites can readily over- 
take lowered scale densities, whereas they 
are often incapable of completely over- 
coming those heavy populations not sup- 
pressed by excessive temperatures. 

Little exact information on temperature 
and humidity responses of the scale is 
available, since the scale is not responsive 
to culture under controlled insectary con- 
ditions. Periods of extremely hot, dry 
weather (in excess of 110° F.) in June and 
July, and occasionally in August, have, in 
a number of the cases studied, caused 
mortalities ranging from 60 to 97.5 per 
cent of the young scales. The mortality is 
usually accretive over about a two months’ 
period, eliminating the young scale from 
all but the more favorable locations on the 
undersides of the leaves. Similar effects of 
high temperatures on newly settled black 
scale, Saissetia oleae (Bern.), have been 
recorded by Swain & Duggan (1928). In 
field studies accurate evaluation of the 
degree of heat mortality is complicated by 
the sloughing off of dead scales, but it was 
apparent that when low humidities were 
associated with the high temperatures 
mortality was increased. Variations in the 
mortalities of newly settled scale could 
not be observationally correlated with 


1 Paper No. 737, University of California Citrus Experiment 
Station, Riverside, California. 
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size of trees, lack of irrigation, or other 
cultural practices, but exposure to sun- 
light was associated with increased mor- 
tality. Throughout the entire range of its 
distribution, citricola scale occurs pre- 
dominantly on the more shaded north and 
sast sides of infested citrus trees and in 
only limited numbers on the sunlight-ex- 
posed portions of the trees. This may be a 
direct effect upon the insect or indirectly a 
response to changed physiology in the host 
plant. 

Parasites ATTACKING  CITRICOLA 
ScALE IN CALIFORNIA.—Parasites attack- 
ing citricola scale in southern California 
are, in order of their effectiveness: Meta- 
phycus luteolus (Timb.), M.  helvolus 
(Comp.), M. stanleyi Comp., and Cocco- 
phagus scutellaris (Dalm.). In central 
California they are M. luteolus and C. 
lycimnia (Walk.). All the Metaphycus spe- 
cies listed above attack citricola and other 
host seales ranging from 0.6 mm. to 1.7 
mm. in length as solitary parasites, but 
M. luteolus also attacks citricola scale 
from 3.0 mm. in length to maturity as a 
gregarious parasite. Attack by M. luteolus 
on the intermediate scale sizes is inter- 


rupted by a physiological unsuitability of 


the host. C. lycimnia acts as a solitary 
parasite on scale from 1.5 to 2.0 mm. in 
length. C. scutellaris is a solitary parasite 
of scale from 1.5 to 2.0 mm. in length, and 
is occasionally gregarious upon the larger 
stages. 

The alternate host relationships of these 
parasites play an important role in their 
distribution and abundance. Metaphycus 
luteolus is also the dominant parasite of 
soft (brown) scale, Coccus hesperidum 
(L.), in both areas; it attacks all stages of 
this scale from 0.6 mm. in length to ma- 
turity. It is also an occasional parasite of 
black scale. M. helvolus is the dominant 
parasite of black scale in southern Cali- 
fornia. It attacks soft (brown) scale to a 
limited extent as an occasional parasite, 
but a distorted sex ratio of parasites ma- 
tures on this host (75 to 95 per cent males) 
and thus limits its increase. M. helvolus 
does not occur in central California. Both 
Coccophagus species listed attack both soft 
(brown) seale and black seale. On citricola 
scale their effectiveness has generally been 
overemphasized because of the conspicu- 
ous, darkened scale derm attending their 
activity, and the retention on foliage of 
attacked scale long after parasites have 
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emerged. M. stanley is a minor parasite o! 
black and soft (brown) scale in southern 
California. It has not been taken in cen- 
tral California. 

SEASONAL CYCLES OF THE SCALE AND 
Its Parasires.—Citricola scale is typi- 
cally single-brooded throughout Cali- 
fornia, and development is very uniform. 
Hatch occurs normally from mid-April to 
July in central California, and two weeks 
later in southern California. The early 
hatched scale attains a size (0.6 mm.) 
suitable for attack by both Metaphycus 
luteolus and M. helvolus by July. For the 
next three months the increase in M. 
luteolus is rapid, and then during October 
and November a physiological change in 
the condition of the host makes it unsuit- 
able for M. luteolus reproduction. The 
physiological unsuitability of the scale is 
associated with the darkening of the scale 
body and the near cessation of growth 
usually referred to as the citricola over- 
wintering stage. 

Growth of the scale recommences the 
following spring, from February to March, 
and progresses rapidly to maturity in 
April-June. It is not until May, that 
Metaphycus luteolus is again able to 
attack the scale. When it does, parasites 
develop gregariously in the mature scale 
(from 3 to 10 per scale). They generally do 
not destroy late third-stage citricola scale 
until after some of the eggs have been laid, 
and so their value is reduced. This period 
of attack is of primary importance, how- 
ever, because it perpetuates parasite popu- 
lations and permits M. luteolus to enter the 
period of attack on the young July scale 
in relatively large numbers. An initial ad- 
vantage is thus given to M. luteolus over 
M. helvolus on citricola scale. 

Metaphycus helvolus attacks citricola 
scale only from July until December; then 
the parasites must survive in interior areas 
as adults until the following July. M. 
helvolus therefore enters the period of 
citricola susceptibility in July at very low 
densities and does not become very abun- 
dant until much of the scale is becoming 
too large for attack. 

BroLtoaicaL BALANCE OF THE SCALE 
AND Its Parasires.—In southern Cali- 
fornia a delicate balance exists in favor of 
biological control of citricola scale. The 
balance is precarious because it depends 
on the successful survival of Metaphycus 
luteolus from November to May as adults 
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or on one of its alternate hosts. The bal- 

ance is dependent also upon the ability of 
M. helvolus to supply additional parasite 
assistance in the fall of the year.. The mor- 
tality caused by these two parasite spe- 
cies, both through direct parasitization 
and through host-feeding by the adults, 
combined with normal effects of high tem- 
peratures on young scale, can usually 
be relied upon to reduce even initially 
heavy infestations. If by late August two 
or more scales mummified by Metaphycus 
attack are found per leaf, it may generally 
be assumed that parasite increase will be 
adequate to reduce the scale. In 1950, the 
combined action of M. luteolus and M. 
helvolus in southern California was so ef- 
fective that near elimination of the scale 
occurred in all but the heaviest infesta- 
tions. Populations were so lowered by 
these parasites that citricola scale did not 
regain noticeable abundance for the fol- 
lowing two years of the study. Occasional 
seasons of intense parasite activity thus 
appear to offer an explanation for previ- 
ously observed periods of cyclic citricola 
scale decrease from which infestations 
may remain below economic levels in ex- 
cess of two years. 

In central California, where Metaphycus 
helvolus is not found attacking citricola 
scale, the biological balance is predomi- 
nantly in favor of the scale, except in areas 
of very marginal scale reproduction. There 
the effectiveness of M. luteolus is again de- 
pendent on its early seasonal abundance, 
and, in general, this parasite cannot be re- 
lied upon to overtake other than very 
light infestations. 

Wherever extremely heavy scale infes- 
tations are encountered and parasites are 
inhibited by heavy deposits of road dust, 
or by ant activity, or by inimical insecti- 
cidal treatments for associated citrus 
pests, damage may become so severe be- 
fore parasites can overtake the heavy 
populations that chemical treatment may 
be desirable. 

Krrect OF INSECTICIDES ON CITRICOLA 
ScALE Parastres.—Judicious use of 
chemical control methods can, under con- 
ditions encountered in California, do 
much to protect citricola scale parasite 
activity. The restraining influence of para- 
sites on scale build-up after treatment re- 
sults in extended holding effects of insecti- 
cidal treatment, and should be given more 
attention. 
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Parathion treatment at dosages used 
for citricola scale (6 pounds or less of 25 
per cent material per acre) eliminates 
Metaphycus luteolus for from one to three 
months, the length of the period depend- 
ing upon temperatures encountered. 
Treatment after October 1 does not seri- 
ously hinder M. luteolus activity, inas- 
much as parasitism has started to decline 
by that time. DDT, with its persistent res- 
idue retention when used for spring 
treatments of citrus thrips, is most detri- 
mental to M. luteolus because it reduces 
early seasonal abundance of the parasite. 
Residues of dieldrin as used for ccntrol of 
citrus thrips (skeleton spray at 2 pounds 
per acre 25 per cent w. p.) have been 
shown to lose their toxicity to closely re- 
lated Metaphycus species within 30 days, 
but should be used at the lowest dosages 
consistent with adequate control, if para- 
site populations are to be preserved. 

Periopic LiIBERATIONS OF ParRa- 
sitEs.—Experimental tests were made on 
the periodic liberation of insectary-reared 
Metaphycus luteolus and M. helvolus in 
central California in 1950 and 1951. The 
colonization of M. luteolus in a test plot in 
central California in August, 1950, did not 
produce a practical increase in the degree 
of parasitization under conditions of the 
test. During July, 1950, all scales had been 
attacked by naturally occurring M. 
luteolus as soon as they reached a stage 
suitable for parasitization, so that the ad- 
dition of reasonably large numbers of in- 
sectary-reared individuals was trivial in 
benefit when compared with the benefit 
derived from indigenous parasite popula- 
tions. Early seasonal abundance of M. 
luteolus did not occur in 1951; therefore 
greater value might have been expected 
from similar liberations during that year. 
It is questionable, however, whether the 
sporadic effectiveness of such periodic 
liberations would justify insectary rearing 
as a continuous procedure. 

The original colonizations of Metaphy- 
cus helvolus in central California in 1939 
on black scale on olives did not result in 
permanent establishment of the species in 
the area. Their liberation in the present 
tests offered a particularly desirable con- 
dition for evaluating their increase and 
distribution, as well as an opportunity to 
determine the effectiveness of insectary- 
reared field liberations. Periodic libera- 
tions were made on two citrus plots in cen- 
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tral California. A 1-acre plot located in an 
area of relatively warm winter tempera- 
tures and surrounded by citricola scale- 
infested citrus acreage received a total of 
2,000 M. helvolus during August and Sep- 
tember, 1951. A second isolated 3-acre 
plot in an area of colder winter tempera- 
tures received a total of 9,000 M. helvolus 
during the same period, at one end of the 
long narrow planting. Activity com- 
menced at once in both plots. Spread was 
extremely rapid. M. helvolus was found 
throughout the colder, isolated planting at 
a distance of 0.25 mile from the liberation 
point within 2 months’ time. M. helvolus 
emergence from parasitized scale ceased in 
December in this plot, but continued 
throughout the winter at the warmer loca- 
tion. Some few M. helvolus parasites were 
still found to be emerging as late as April, 
presumably from December oviposition. 
Effectiveness in the two test plots was 
in an apparently direct ratio to the num- 
ber of individuals involved in the original 
releases. In the colder, isolated plot, M. 
helvolus was considered to have con- 
tributed an additional increment of con- 
trol approximately equal to the control by 
the native M. luteolus. In this orchard the 
M. helvolus liberation was of substantial 
benefit in creating a favorable biological 
balance, but the absolute degree of para- 
sitization was not sufficient to give eco- 
nomic control in other than relatively 
light infestations bordering upon biologi- 
cal balance. 

Colonizations of Metaphycus helvolus 
are being made in some favorable areas of 
central California in an attempt to pro- 
cure permanent establishment. M/. Stan- 
leyi and Coccophagus scutellaris, which are 
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of restricted distribution, are also being 
colonized in central California. The'r pres- 
ent isolation may be geographical or may 
result from the lack of alternate hosts. Jn- 
dications are that their absence in central 
California is not due to climatic factors. 
SumMaAry.—Natural control factors in- 
fluencing populations of citricola scale, 
Coccus pseudomagnoliarum (Kuw.), in 
southern and central California interior 
citrus districts were examined*by monthly 
surveys of untreated groves in the two 
areas, from July, 1950, to July, 1952. A 
colonial type of scale distribution was cor- 
related with the degree of biological con- 
trol in both areas. Scale mortalities from 
high summer temperatures were variable; 
high mortalities from this source per- 
mitted relatively inefficient parasites to 
overtake their hosts. Different parasite 
complements were found in the two areas, 
and their seasonal cycles were determined 
in relation to citricola and other alternate 
host scales. The combined action of Meta- 
phycus luteolus (Timb.) and Metaphycus 
helvolus (Comp.) is so effective at times 
against citricola scale in southern Cali- 
fornia that economic infestations appear 
only sporadically; but in central Cali- 
fornia, where M. helvolus does not occur, 
the parasites are relatively inefficient and 
give control only in regions of marginal 
host abundance. The effects of certain in- 
secticidal treatments on citricola scale 
parasites are discussed. Periodic libera- 
tions of insectary-reared M. luteolus were 
ineffective. Liberations of insectary-reared 
M. helvolus where this species did not oc- 
cur were of value, but did not give eco- 
nomic control of heavy infestations. 
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Tae DesiGN AND ANALYsIS OF EXPERIMENTS, by 
Oscar Kempthorne. 1952. Pp. 631. Wiley, N. Y. 

This book is planned, not to rival Cochran and 
Cox’s “Experimental Designs” but to supplement 
it. The logical and mathematical foundations of 
experimentation are stressed, but many practical 
designs are also discussed in approximate order of 
complexity. Some numerical examples are given. 


With each principal design the mathematical mode! 
and structure is discussed. The work of the more 
mathematical school of statistics is related to prol- 
lems in planning experiments. The book will have a 
lasting value as a reference text for biometricians, 
and for the more mathematically minded experi- 
menters 


F. M, WapLEY 
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Efficacy of Aroma of Cedar in Control of Fabric Pests 


Harvey L, Sweetman, D. A. Benson! and R. W. KE.ey, Jr.,? 
University of Massachusetts, Amherst 


here is a centuries-old belief that the 
aroma of cedar wood or oil is an effective 
protectant against the ravages of clothes 
moths and carpet beetles on wool, fur, 
feathers, and silk. The sales appeal to the 
public is sufficient that several firms in 
this country are producing and selling 
cedar products for use against fabric 
pests on an extensive scale. 

‘The earliest report of the repellency or 
toxicity of cedar aroma to fabric pests 
that has come to our attention was a 
paper by Gent in 1682 (Back & Rabak 
1922). It is obvious that the notion was 
widespread at that time and has persisted 
to the present. Back & Rabak give an 
historical account of the use of cedar- 
wood, oil, sawdust and shavings for pro- 
tection of fabrics. The heartwood of red 
cedar, Juniperus virginiana L., which con- 
tains 2 to 4 per cent of the volatile oil is 
considered most desirable for insect 
repellency. 

Review or Lirerature.—tThe first 
experimental work to determine the 
effectiveness of the volatile cedar oils 
against fabric pests is that of Scott et al. 
(1918). They used a single cedar chest, 
open cages, and 0.25 cubic foot cedar 
boxes. They concluded that moths and 
young larvae were destroyed in chests but 
that older larvae would survive. They 
reported also that cedar shavings and 
chips had some protective value. Back & 
Rabak (1922) questioned these earlier 
conclusions and made more extensive 
tests using a series of 9 cedar chests. They 
concluded that the moths will emerge, 
mate and oviposit in chests, that eggs 
will hatch normally, but that these larvae 
are destroyed in tight chests. The older 
larvae were not harmed by the volatile 
oils in the chests. These conclusions are 
in line with the earlier work. However, 
no evidence is submitted to indicate 
that moisture conditions in the chests were 
adequate for the young larvae, which are 
very sensitive to atmospheric moisture. 
Insufficient moisture might well have 
produced their results. Also, clean wool 
fabrics are not a choice food for the 
young larvae. Burgess (1935) tested some 
tight boxes lined with red cedar wood 
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against clothes moths and drew conclu- 
sions similar to Back & Rabak except 
that many eggs failed to hatch. His re- 
sults are very suggestive of inadequate 
moisture conditions. Billings (1934) con- 
cluded that oil of cedar from leaves or 
wood had little value for repellency of 
larvae or moths. His tests were conducted 
under open conditions so that fumigation 
toxicity was not considered. 

Marerirats ‘Trestep.—The products 
used in our tests were experimental and 
commercial formulations’ composed of 
powdered heartwood of red cedar, oil 
of cedar leaves and wall plaster. Insecti- 
cides were incorporated in some of the 
formulations. These products had suffi- 
cient plaster so that when applied to the 
closet walls they set while drying so as 
to permanently adhere. 

‘Lhe following formulations were used: 

1. Original product, low grade cedar wood and oil 

2. Improved product, high grade heartwood and 

oil of cedar leaves added. 


3. No. 2+2.5 per cent DDT 
4. No. 2+5.0 per cent DDT 


The webbing clothes moth, Tineola 
bisselliella Hum., the black carpet beetle, 
Attagenus piceus Oliv. and the furniture 
carpet beetle, Anthrenus vorax L. were 
used in the tests and observations. 

TESTING PROCEDURES.—Both _repel- 
lency and toxicity tests were conducted 
in the laboratory and in dormitory rooms. 
The cages were plastic boxes 2 inches 
square and 0.5 of an inch deep, petri 
dishes 3.5 inches in diameter, wooden 
boxes 5 inches in three dimensions, and 
12 by 18 inch enameled pans 2 inches 
deep, on the inside of which was placed 
a layer of cedar plaster about 0.12 of an 
inch thick. These cages were placed in 
chambers with the insects for repellency 
effectiveness, and the insects enclosed in 
cages for vapor toxicity effectiveness. 
Room tests were conducted in dormitory 
rooms with treated and untreated closets 
containing wool fabric. The room tests 
were primarily for repellency except where 
DDT was incorporated in the plaster. 

1 Naugatuck Chemical Company, Bethany, Connecticut. 

2 Lieutenant, United States Air Force 


_ § Cedarwall, manufactured by Edward L. Millen Co., Brook- 
line, Mass. 























NI 


cates 








30 JOURNAL OF Economic ENTOMOLOGY 





The insects were liberated in the prepared 
rooms, which were sealed to prevent es- 
cape of the insects. 

LaBoratory Trsts.—The preliminary 
tests were made with formulation 1, us- 
ing clothes moths and black carpet beetle 
adults and larvae. Treated and untreated 
plastic boxes containing wool fabric 
were placed in a rearing chamber con- 
taining raw wool and several thousand 
black carpet beetle larvae. Eight counts 
of larvae in the boxes were made during 
a period of 20 days. Some repellency was 
evident under the conditions of the test, 
since about two-fifths (113) as many 
larvae were observed in the treated boxes 
as in the check boxes. This cedar product 
was relatively non-toxic to carpet beetle 
larvae and adults enclosed in_ plastic 
boxes. None of the (10) larvae was killed 
or ceased feeding during an exposure of 
1 month. The adults (30) lived about the 
normal length of life. 

Repellency effectiveness against moths 
was made in a chamber consisting of a 
glass cylinder 10 inches in diameter and 
30 inches long, placed on edge. The ends 
were closed with cheese cloth. Cedar- 
coated and check plastic boxes containing 
wool fabric were piaced in an inverted 
position in the cylinder but blocked on 
one edge so that an opening large enough 
for the passage of the moths remained. 
After the moths, non-sexed, were ad- 
mitted, the cylinder was placed in a large 
chamber with suitable physical conditions 
(Table 1, Form. 1). There was an obvious 
repellent value of the cedar but it was 


Table 1.—The repellency of cedar plaster for- 
mulations to clothes moths when offered a 
choice of wool fabric in check and treated plastic 
boxes. Two check and 4 treated boxes were used 
in each test. 








Ave. No. or Eaes 





PER Box 
No. or No. or No. or Check Treated 
Tests Days Morus Box Box 
Formulation 1 
1 5 8 26 5 
Formulation 2—old 
1 4 8 33! 9 
Formulation 2—fresh 
g 5 8 23 0.25 
1 5 36 60? 15 
1 4 147 214 92 





1 Many eggs had hatched on the eighth day. 
? Fabric omitted through error in one box, but 17 eggs were 


deposited therein, 
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not complete. Four moths were enclosed 
in a cedar-coated plastic box to determine 
the toxicity effectiveness. One of these 
moths survived for 25 days, indicating no 
toxicity. No further work was done with 
formulation 1, since the manufacturer in- 
formed us that an improved formulation 
made from a superior grade of wood and 
oil from ‘Tennessee would be used in the 
future. 

The remainder of the laboratory and 
room experiments were based on formula- 
tion 2 as the basic material. The repel- 
lency of this cedar plaster to moths was 
tested (Table 1). Formulation 2 was 
superior to formulation 1, Plastic boxes 
prepared a few weeks previous with for- 
mulation 2 were not as repellent as freshly 
coated boxes. When the population of 
moths was increased the resultant crowd- 
ing reduced the protective value con- 
siderably. Many eggs were deposited on 
the walls of the glass chamber as well 
as on fabric in the boxes, especially under 
crowded conditions. Deposition of eggs 
on non-food surfaces is not indicative of 
repellency of the cedar plaster. The cedar 
was not deleterious by direct or vapor 
contact to the eggs and newly hatched 
larvae, as the hatch was good in all tests 
and the larvae survived in the one test 
that was continued for sufficient time. 

The possible repellency of the cedar 
plaster to clothes moths and larvae of all 
ages was determined in a heavily infested 
breeding chamber containing raw wool 
and hundreds of moths and larvae. Two 
check and four treated plastic boxes con- 
taining wool fabric were placed on the in- 
fested raw wool, with the covers ajar 
leaving ample space for entrance of moths 
and larvae. No eggs, larvae or moths 
were seen in the control or treated boxes 
during a series of observations in two 
tests. Apparently the wool fabric was un- 
attractive to the insects in the presence 
of raw wool. 

Since clothes moths are generally nega- 
tive to light and seek dark areas, as closets, 
the relative repellency of the cedar- 
coated’ boxes in the presence of light 
was determined (Table 2). A wooden box 
coated on the inside with cedar plaster 
and having a single opening 2 inches long 
and 0.2 of an inch wide was placed in a 
glass cylinder 10 inches wide and 30 
inches long, which was placed on end. 
The box was lighted on all sides by two 15- 
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(able 2.—-The repellency and toxicity of wooden boxes coated with cedar plaster, and cedar plaster 


cor ntaiamag 5 per cent DDT, to clothes moths in artificial aed 








‘Wein IN AND Out or Boxes 


Cedar Plaster 


NUMBER 

an : ees oy ke 
Days In ‘Out Dead 

0 0 15 0 

) 6 3 6 

r 6 3 6 

6 5 p 7 

s } 4 7 

1] i 3 8 


Noe MBER OF EaGs 


‘Phuitie “i ppt Pisses 
eee Cedar and 
he Out Dead P Plaster DDT 
0 15 0 0 0 
0 3 12 Many 0 
0 3 12 Many 0 
0 Q 13 Many 0 
0 l 14 Many 0 
0 0 15 Many 0 





watt daylight fluorescent lights so that 
no shadows existed in the cvlinder. A few 
moths were visible at all times, but the 
majority remained in the treated box. 
All deaths occurred outside the treated 
box. Apparently the moths would have 
migrated away if given the choice to do 
so. Nevertheless, some entered the treated 
box and oviposited on the fabric. Many 
of these eggs hatched, again demonstrat- 
ing the low repellency and that the cedar 
aroma was not destructive to the young 
larvae and eggs in relatively closed con- 
ditions. 

Well-developed moth larvae — were 
placed in an enameled pan and given a 
choice of congregating on wool fabric 
in check and cedar-coated plastic boxes. 
The pan was placed in a controlled tem- 
perature and humidity chamber. Appar- 
ently the larvae were not influenced by 
the cedar plaster, but remained in which- 
ever shelter was reached first, or spun a 
web in any convenient corner. One-half 
of the bottom of a similar pan was 
coated with cedar plaster and wool fabric 
placed on the treated and untreated por- 
tions. Well-developed black carpet beetle 
larvae distributed themselves equally on 
both pieces of fabric over a period of 
several days. 


The toxicity of the cedar plaster to 
clothes moths was tested by enclosing the 
moths in treated plastic boxes (‘Table 3). 
The amount of cedar plaster in proportion 
to the space was in excess of that of a 
normal chest or closet. All of the moths 
in the treated boxes were dead when 
examined after six days. No reproduction 
occurred in the treated boxes. These con- 
ditions were similar to that of a cedar 
chest and the vapor of the cedar oils 
probably acted as a fumigant. These 
results are in contrast to those from formu- 
lation 1, which was not toxic to the moths 
under similar conditions. 

The toxicity of cedar plaster containing 
DDT to larvae of the clothes moth and 
black carpet beetle enclosed in coated 
plastic boxes was very high (Table 
Moth larvae of the most tolerant age 
were used. ‘These formulations were very 
effective under these conditions. 

The repellency and toxicity to clothes 
moths of cedar plaster containing DDT is 
shown in table 2. The moths were strong- 
ly repelled from the treated box in spite 
of the light. They entered the box and ap- 
parently obtained sufficient DDT so that 
they died after being repelled. None died 
within the treated box. None of these 
moths oviposited. This formulation was 


Table 3.—The toxicity of plastic boxes coated with cedar plaster, and with cedar plaster containing 
DDT, to month-old black carpet beetle (BCB) larvae and adults and well-developed larvae of clothes 


moths when enclosed in the boxes. 





Moth Adults 


PERCENTAGE DEAD 


PERCENT- NUMBER OF EGGs 
AGE OF After 6 Days Moth Larvae BCB Larw ie ArTerR 6 Days 
DDT IN a —_—— - - 
PLASTER Check Tre ok I Day 2 Days 1 Day 2 Days Check Treated 
0.0 40) 100 ~ : - — Many 0 
2.5 -—- SO SO 0 100 - 


100 














$2 JOURNAL OF Economic ENTOMOLOGY 





Vol. 46, No. 1 


Table 4.—The response of the webbing clothes moth over a period of 5 to 6 weeks in rooms with the 
closets treated with cedar plaster. (R—rooms, C—closets, A—abundant, F—few.) 











NuMBER OF Morus OBSERVED PER ForRTNIGHT 
IN RooMs AND CLOSETS 








100 ————_——__—_—_—_ ——— 
Room NuMBER Morus 14 Days 14 Days 7-14 Days 

AND LIBER- PosiTION eS - 
TREATMENT ATED IN or Door R C R C R C 
5—cedar Room Open 1” F A 0 71 1 441 
7—cedar+ DDT Closet Closed F A 0 52 0 19! 
6—control Closet Open 1” F A 5 A 3 4) 
1—cedar Closet Open 1” F A 9 66 3 2)? 
4—cedar+ DDT Room Open 1” A 15 0 > 0 0 0? 
3—control Closet Closed 0 A 0 47 0 2 





! Larvae observed on all fabrics after 32 to 42 days. 
2 No larvae observed during tests, 35 to 37 days. 


very effective under these conditions. 

SuMMARY OF LaABoRATORY ‘TESTS.— 
Cedar formulation 1 was definitely in- 
ferior to formulation 2. Formulation 1 
possessed some repellency but did not 
exhibit fumigant toxicity to clothes moths 
and black carpet beetle larvae and adults. 
Raw wool was more attractive to moths 
and larvae than standard moth test 
fabric. 

Cedar formulation 2 was moderately 
repellent to the moths. Light played a role 
in overcoming the repellency of the cedar 
aroma to the moths. Under the pressure 
of abundance of moths, and the resulting 
competition, the repellency of cedar 
aroma was somewhat reduced. Eggs were 
laid on wool fabric in the presence of 
cedar which was apparently not deleteri- 
ous to the eggs or newly hatched larvae 
in open conditions such as might exist 
in clothes closets. Apparently the old 
as well as the young larvae were not re- 
pelled by the cedar aroma. The moths 
were killed and did not oviposit in tight 
plastic boxes coated with formulation 
2. The addition of DDT to the cedar 
plaster rendered it highly toxic to clothes 
moth larvae and adults and black carpet 
beetle larvae under laboratory conditions. 

Room Expertm™ents.—Six similar dor- 
mitory rooms were used for practical tests 
with the cedar plaster. Each room had two 
closets, one was treated and one remained 
untreated as a control. A closet in one 
room was treated with cedar plaster 
alone, in another room with cedar plaster 
containing 2 per cent chlordane, and in 
three rooms with cedar plaster containing 
2.5 per cent DDT. The closet doors were 
placed in three positions, wide open, 
open one inch, and closed. Two tests were 





conducted in all the rooms, except that 
containing chlordane. Wool fabric was 
hung in each closet. Openings through 
which the moths might escape from the 
room were taped over. Fifty moths col- 
lected from the breeding chamber were 
liberated in each room and the doors 
sealed to prevent escape. A check of a 
few of these collections indicated that 
the sexes were about evenly divided. At 
the end of two weeks, the rooms were 
opened and records made. All of the moths 
were dead, but they had entered and died 
in the closets regardless of treatment or 
position of the doors. Fifty-seven eggs 
were observed in a control closet and none 
in the adjoining closet with cedar plaster 
containing DD'T. These closet doors were 
closed. The room having a closet treated 
with cedar plaster containing DDT and 
both doors open wide, in 1 test resulted 
in 21 eggs in the treated closet and 51 in 
the control closet. A single egg was found 
in two other treated closets having the 
doors open 1 inch. This leaves 6 treated 
and 7 control closets in the two tests in 
which no eggs were observed. These 
experiments were conducted during the 
summer months and it was assumed that 
moisture conditions were adequate. Later 
work indicated that assumption was not 
correct. 

These tests were repeated in basement 
rooms of another dormitory during the 
winter. Each room had one closet. Twelve 
by 18 inch pans were maintained with 
water on the shelves of each closet during 
the tests. Three of the rooms had cement 
floors and three wood floors. Several 
square yards of wool fabric was placed 
in each closet, one piece on a clothes 
hanger on the hanger pole and the other 
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»iece on wall hooks so that the fabric was 
in contact with the treated wall. One 
hundred moths were liberated in each 
room. The results from five tests of two 
weeks duration each, again were largely 
negative. A very few larvae developed on 
the fabric in the three rooms with cement 
floors suggesting that the physical en- 
vironment rather than treatment was the 
controlling factor. During one test a small 
piece of fabric was placed on the cement 
floor of three rooms against the outside of 
the closet doors. Oviposition and hatching 
occurred on these fabrics. Presumably 
more favorable moisture conditions ex- 
isted on the cement floors. 

The experiments were repeated in these 
same rooms about six months after ap- 
plication of the cedar plaster without 
further treatment. About two gallons 
of water was poured on the cement 
floors and replenished at frequent inter- 
vals so that ample moisture was main- 
tained in these three rooms. Pans of 
water were kept in the closets in all rooms. 
The humidity in the three rooms with 
wood floors was appreciably less than in 
those with cement floors. ‘Two pieces of 
wool fabric, about 2 square yards each, 
were placed in each closet; one hung on 
wall hooks and in contact with the treated 
wall, the other folded on a clothes hanger 
on the hanger pole. All rooms and closets 
were inspected every 2 to 4 days during 
the experiments for moths and larvae. 
Larvae were removed when observed. 
Rooms 1, 3, and 4 were inspected 12 
times, and rooms 5, 6 and 7 with cement 
floors 15 times (Table 4). The moths were 
not repelled by the cedar odor as they 
congregated and remained in the treated 
us well as the control closets. A compari- 
son of results in rooms 5 and 7 shows that 
the addition of DDT to the cedar plaster 
failed to kill or repell the moths before 


oviposition occurred. However, the moths 
disappeared more rapidly in rooms 4 and 
7, which were treated with cedar plaster 
containing DDT. QOviposition by the 
moths and hatching of the eggs occurred 
in rooms 5, 6 and 7, while no larvae were 
observed in rooms 1, 3 and 4, the series 
of rooms with the drier atmosphere. The 
mortality rate of the moths was appreci- 
ably greater in the drier series of rooms 
than in rooms 5, 6 and 7. 

A number of larvae of the black carpet 
beetle and furniture carpet beetle had 
been liberated in these closets earlier. 
Many larvae remained in the closets and 
the more active Anthrenus larvae oc- 
casionally crawled over the cedar plaster 
to the level of the fabrics. None was 
observed on the fabrics. 

A strong cedar aroma existed in all 
closets at the close of the experiment. 
The fabric from the treated closets after 
removal from the experimental rooms to 
another building, was readily distinguish- 
able by the cedar odor from the fabrics 
that had been in the control closets. 

Concuiusions.—The aroma of cedar 
oils from a commercial cedar plaster for 
wall application was not an effective 
repellent or toxic agent against larvae and 
adults of the webbing clothes moth, black 
carpet beetle and furniture carpet beetle. 
The addition of DDT to the cedar plaster 
rendered it sufficiently repellent and 
toxic to give some, but not adequate pro- 
tection. However, the application of DDT 
alone as a spray or dust on the fabrics and 
in all crevices in the closets once, or possi- 
bly twice in southerly regions, gives com- 
plete protection from these pests with 
considerably less labor and cost (Sweetman 
& Bourne 1951). The possible protective 
value of the aroma of cedar in tight 
chests is left unanswered. 
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Chlorinated Hydrocarbon Insecticides to Control 
House Fly Larvae! 


Joun Hapsinicoiaov, School of Hygiene, Athens, Greece, and Eton J. HANSENS, New Jersey 
Agricultural Experiment Station, New Brunswick, N. J. 


Relatively few studies have been made 
of the chlorinated hydrocarbon insecti- 
cides against house fly maggots though 
they are widely used against adults. The 
usefulness of some of these insecticides as 
larvicides may be questionable because 
of faster development of resistance when, 
as reported by Bruce & Decker (1950), 
both adults and larvae are exposed to the 
material. However, it was felt that some 
of these insecticides would be useful even 
if only two or three seasons of control 
could be obtained from them. 

In Greece and elsewhere in the world 
sanitation practices are such that a cheap, 
effective larvicide would be a great help 
in fly control. Accordingly preliminary 
studies were made by the senior author in 
the laboratory of the School of Hygiene, 
Athens, Greece in 1951. These studies 
showed that when dieldrin or chlordan 
wettable powders were applied at 10 milli- 
grams active ingredient per kilogram of 
media, 100 and 90 per cent kills of larvae 
were obtained. DDT and BHC were 
effective only when applied at high dos- 
ages. Following the success in the labora- 
tory a single field test was conducted. 
Dieldrin wettable powder applied on ex- 
posed piles of pig manure gave 100 per 
cent kills and resulted in an enormous re- 
duction of the adult fly population in this 
particular area. 

These studies were continued largely 
by the senior author in the laboratory at 
Rutgers University and in field tests on 
nearby farms. The laboratory tests were 

Table 1.—Laboratory tests of insecticidal 
emulsions for control of house fly maggots. 


Per Cent Kitu 





Milligrams of Active Ingredients per 
Kilogram of Media 
INSECTICIDE 


EMULSIONS 50 20 15 10 5 2 
DDT 100 
Methoxychlor 25 - 
Toxaphene 100 100 100 75 0 
Lindane 99.5 60 
Chlordan 100 75 
Aldrin 100 100 100 97.5 
Dieldrin 100 100 100 Of 
Heptachilor 100 100 90 
Dilan 99.5 100 100 5 - 
Control 0 








made using laboratory reared flies of a 
strain (Wilson) which has never been 
exposed to insecticides. For each test 500 
grams of media were placed in lacquered 
flower pots and 300 newly hatched larvae 
were added. When larvae were half 
grown, Insecticides were added by placing 
the required amount of toxicant (as a 
commercially available emulsion) in 25 
ml. of water and sprinkling the surface of 
media thus approximating the method of 
application which would be used in field 
treatments. Obviously all portions of the 
media did not receive equal amounts of 
toxicants. A summary of the toxicants 
used in these tests, the dosage, and kill of 
larvae are set forth in table 1. 

The above data show that aldrin, di- 
eldrin and heptachlor are practically 
equally effective against fly larvae under 
laboratory conditions and_ kill larvae 
when added to media in extremely small 
amounts. Chlordane, toxaphene and dilan 
were only slightly less effective while 
much larger quantities of DDT, methoxy- 
chlor, and lindane were necessary to give 
kills of maggots. 

Since studies in the laboratory showed 
that several chlorinated hydrocarbon in- 
secticides were effective against housefly 
maggots, it was decided to test four of 
them—dieldrin, aldrin, heptachlor and 
chlordan—rather extensively in the field 
first to determine if fly control could be 
obtained by treating breeding places only 
on dairy farms and, second, to determine 
the quantities of insecticide necessary for 
control in the field. 

The floors, gutters, calf stalls, efe., in 
three barns, as well as all possible breed- 
ing places outside the barn, were treated 
respectively with dusts or emulsions of 
aldrin, heptachlor and chlordan. The 
dosages of active ingredient per square 
meter were 500 milligrams for aldrin and 
heptachlor and 1 gram for chlordan using 
emulsions and 1 to 1.5 grams per square 
meter with dusts. In spraying or dusting 

1 Paper of the journal series, New Jersey Agricultural Experi- 


ment Station, Rutgers University, the State University of New 
Jersey, Department of Entomology. 
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the surface areas to be treated were first 
estimated. Emulsions containing the exact 
amount of active ingredient were diluted 
with water so that about one gallon of 
liquid applied to 100 meters gave the 
desired dosage. 

Results of these tests were disappoint- 
ing. Adult flies were not reduced sig- 
nificantly even though control of larvae 
was obtained where breeding could be de- 
tected, as in calf stalls and scattered spots 
outside the barn. Heavy breeding is easily 
detected, but lighter breeding is likely to 
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Table 2.—Treatments of turkey manure at 
Darago turkey farm on June 17, July 1, July 15 
and July 24, 





DosaGE OF 


AcTIVE CoNnTROL OBTAINED 
Insecti- INGREDIENT - - 
CIDE PERSQ. Fr. June l7 July l July 15 July 24 
Dieldrin 50 mg. excellent good good fair 
Chlordan 100 fair fair poor poor 
Heptachlor 100 good good poor poor 
Aldrin 50 very good good fair poor 
Check none none none none 





large piles could be treated even if the 
insecticide were applied in a liquid formu- 
lation. 





escape notice, and emergence from such Dusts were applied with a rotary hand 
areas produce sufficient adults to make — duster and liquids with a cylindrical hand 
adult control necessary. Thus it was — sprayer, a sprinkling can or a 50 gallon 
found early in the season that larval power sprayer (at Trenton). 
control alone is not enough for fly control At the Darago turkey farm, manure 
and further experimentation in these beneath a large pen was used for com- 
' barns was discontinued. parative tests of dieldrin, chlordan, hep- 
For the second part of these studies it~ tachlor and aldrin. These insecticides 
was decided to treat the manure beneath — were, each, applied on 250 square feet of 
turkey pens since fly breeding is practi- area. One section served as an untreated 
cally always heavy in such manure, there check. Applications of insecticides were 
is a constant addition of fresh manure to made on June 17, July 1, July 15, and 
attract flies for oviposition, and the in- July 24 and observations were made 
: secticides would not be in contact with weekly and just before the next applica- 
the birds. Both dusts and emulsions were — tion. Observations just preceding the 
used in tests on two farms. Tests were next application are shown in table 2. 
also made in a large manure pit on a These tests showed that dieldrin and 
dairy farm at Trenton where there were — aldrin were the better materials. With all 
extreme fly breeding conditions in the materials instead of repeated applications 
cow manure. giving improved control, the opposite 
At least 10 times the laboratory dosage — occurred until little control was obtained 
was used for field application and all after the fourth insecticide application. 
dosages were calculated on a milligrams At the Enders poultry farm aldrin was 
per square foot basis rather than milli- | tested and in a large manure pit at Tren- 
grams per kilogram since it was impossible — ton only dieldrin was used. Details con- 
to judge weights of media in the field and cerning applications and results are set 
only the upper three or four inches of — forth in table 3. 
Table 3.—Applications of aldrin to manure beneath turkey pens (Enders) and dieldrin to a large 
manure pit on a dairy farm (Trenton). 
Ma. Insrc- 
TICIDE PER AREA 
DATE Sa. Fr. IN FLy 
Farm APPLIED INSECTICIDE AREA Sq. Fr. BREEDING RESULTS 
f Enders June 17 aldrin emulsion 100 500 heavy complete kill 
aldrin, 5% dust 200 500 heavy complete kill 
check (untreated) 500 heavy no kill 
July 7 aldrin, 5% dust 200 200 heavy complete kill 
July 15 aldrin emulsion 50 200 heavy no kill 
check (untreated) 500 heavy no kill 
July 24 aldrin emulsion 50 300 heavy partial kill 
Trenton June 16 dieldrin, 5% dust 200 3000 heavy partial kill 
July 7 dieldrin, 5% dust 200 3000 heavy little kill 
July 15 dieldrin emulsion 170 5000 very heavy no kill 
July 23 dieldrin emulsion 170 5000 very heavy no kill 
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Table 4.—Exposure of field-collected flies from three locations on residual deposits of insecticides 


on plywood. 





AMOUNT 
PER 


INSECTICIDE Sq. IN. 


15 min. 
1 hour 
2 hours 


Dieldrin 0.1 mg. 


15 min, 
1 hour 
2 hours 


Aldrin 


15 min. 
1 hour 
2 hours 


Heptachlor 


15 min. 
1 hour 
2 hours 


Chlordan 


15 min. 
1 hour 
2 hours 


DDT i 


15 min. 
2 hour 
2 hours 


Methoxychlor b 


Check 


LENGTH OF 
EXPOSURE 





Per Cent Fires Kit tep or 
INDICATED STRAIN 


Laboratory 


Trenton  Darago Enders 
*s 100 
+ 0 0 — 
6 i 0 
98 
3 0 3 . 
0 5 9 
75 
3 24 
9 22 - 
16 
0 0 
Ss 0 
100 
{ 
2 
. 25 
9 1 
14 _ 12 
0 0 0 0 





From this table it is evident that at 
both locations results became progres- 
sively poorer as the season progressed 
until at the end of July treatments were 
completely unsatisfactory. At this time 
resistance to various insecticides was a 
problem in other areas of the state. Con- 
sequently adult flies were collected from 
the three locations and laboratory studies 
were made on plywood panels using the 
technique of Barber & Schmitt (1948). 
Comparisons were made of the three 
strains with a non-resistant laboratory 
strain (Wilson). Results are set forth in 
table 4. 

All field collected strains showed re- 
sistance to all of the insecticides against 
which they were tested. The highest de- 
gree of resistance was shown by the 
Trenton strain and consequently most 
extensive tests were made with this 
strain. This strain was probably selected 
largely by dieldrin since the manure pit is 
several hundred yards from the nearest 
point where other insecticides were used 
(DDT, methoxychlor and lindane had 
beeen used in the barns during the past 
three seasons). 


Studies were also made of larval re- 
sistance of these field collected flies. Eggs 
were obtained from flies in each cage 
before tests were made of adults for re- 
sistance and these were reared in treated 
media as described above. Dosage used in 
the medium and results are shown in 
table 5. 

As in tests of adult flies there was re- 
sistance of all strains to insecticides. The 
Darago strain showed the least resistance 
and the Trenton strain the greatest. In 


Table 5.—Effect of insecticides on maggots of 
three strains of flies collected in the field. 





Per Cent Morta.ity OF LARVAE 
IN TREATED MEDIA 


Ma. PER = 
Ka. oF Labora- 
INSECTICIDE Mepium Trenton Darago Enders _ tory 
Dieldrin 2.5 0 - 90 
10.0 10 75 100 
50.0 0 85 — 
100.0 -- 100 - 
100.0 10 
Aldrin 10.0 40 65 30 60 
50.0 95 75 - 
100.0 95 95 - 
Heptachlor 10 25 80 100 
Chlordan 10 80 95 
DDT 10 40 - - 65 
Methoxychlor 10 40 45 
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fact the Trenton strain showed a high 
degree of resistance to dieldrin and some 
resistance to all insecticides. Though 
these studies are not as complete as we 
would like, in our opinion they explain 
the failure of control of maggots in the 
field with chlorinated insecticides and 
give further support to studies of house fly 
resistance made by others. It is evident 
that use of chlorinated hydrocarbon in- 
secticides against maggots results in much 
faster development of resistance (appar- 
ently in three or four generations) of the 
fly population than does the use of the 
same materials against adults. From a 
practical standpoint this means that 
larvacides of chlorinated hydrocarbons 
have practically no usefulness in housefly 
control. 

SumMAry.—In laboratory studies di- 


eldrin, aldrin, chlordan, and heptachlor 
were found effective against house fly 
larvae when added to media in extremely 
small amounts. Field tests of these 
materials on dairy farms showed that 
use of larvicides alone cannot be expected 
to give fly control because of the difficulty 
of finding all breeding places. Tests of 
these materials on turkey manure and in 
a large manure pit on a dairy farm re- 
sulted in good kills early in the season, 
but with poorer results after each applica- 
tion. Laboratory studies of adults from 
three locations showed them resistant to 
chlorinated insecticides including lindane, 
methoxychlor, DDT, chlordan and diel- 
drin. Larvae reared from these flies also 
showed resistance to these materials. One 
of the strains showed materially higher 
resistance than the other two. 
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Insecticides for Control of Salt-Marsh Sand Flies in Florida’ 


R. L. Gouupinea, R. F. Curran, Co-Operative Sand Fly Research Unit, and G. C. Laprecque,? 
U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant Quarantine 


Salt-marsh sand flies are major pests 
of man and animals in most of the coastal 
areas of Florida. These insects are not 
known to be vectors of any diseases in 
this State, but they are a source of an- 
noyance throughout the year. In some 
areas sand flies have discouraged tourist 
trade and otherwise hindered economic 
development. Many persons feel that the 
future growth and progress of their com- 
munities are dependent to a great extent 
on the development of effective and prac- 
tical methods for controlling sand flies. 

In most of the coastal areas the most 
abundant and annoying species is Culli- 
coides furens (Poey). This species breeds 
on salt marshes and in brackish water in 
the vicinity of the Intracoastal Waterway. 
The heaviest breeding is in dense man- 
grove marshes, where the soil is well 


shaded, contains much organic material, 
and is continuously wet. Marshes that 
are subject to daily floodings by high 
tides are particularly favorable for sand 
fly production. 

In past years considerable effort was 
devoted to ditching, diking, and pumping 
of marshes as a means of controlling sand 
flies (Hull & Dove 1935; Hull et al., 
1939, 1943). In some places these practices 
apparently caused a marked reduction 


1 Presented at the meeting of the American Association of 
Economic Entomologists at Cincinnati, Ohio, Dec. 10-13, 1951. 

2 This unit is under the technical supervision of the Orlando, 
Fla., laboratory of the Bureau of Entomology and Plant Quar- 
antine, and is supported by funds allotted by the Department of 
the Army to the Orlando laboratory; by the Anti-Mosquito 
Districts of Dade, Broward, Palm Beach, and Indian River 
Counties; and by the Division of Entomology of the Florida 
State Board of Health. 

3 The writers wish to acknowledge the advice and direction of 
W. V. King, W. C. McDuflie, and J. C. Keller in this work; and 
the assistance of W. C. Byrum, F. W. Hardin, J. A. Parker 
H, Edwards, and H, H. Taylor. 
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Table 1.—Results of small-plot tests with various insecticides and formulations against larvae of 


salt-marsh sand flies. 





PouNbDs or 


PRETREAT- 





Per Cent Repuction at INDICATED 
INTERVAL AFTER TREATMENT 


INSECTICIDE AND TOXICANT MENT — — - wan 
FORMULATION PER ACRE Count 1 Week 2 Weeks 4 Weeks Average 
Dieldrin: 

Emulsion 0.1 5 0 0 0 0 
0.25 59 29 37 6+ 43 
0.5 $1 86 97 99 94 
Suspension 0.1 18 0 0 0 0 
0.25 tI 9 ++ 78 44 
0.5 52 96 97 100 98 
1.0 20 90 100 95 95 
Pellets 0.1 23 74 71 59 68 
0.25 27 0 95 96 S4 
0.5 25 71 100 9S 90 
1.0 13 90 96 93 93 
Heptachlor emulsion 0.1 115 100 97 86 4 
0.25 122 100 89 99 96 
0.5 200 100 99 99 99 
1.0 177 100 98 98 99 
2.0 123 100 98 100 99 
Chlordane emulsion 0.1 10 80 70 20 57 
0.25 $7 92 90 92 9] 
0.5 15 100 93 93 95 
Aldrin emulsion 0.1 66 100 $3 65 83 
0.25 55 97 53 60 70 
0.5 106 100 100 94 98 
BHC! emulsion 0.1 29 I 0 55 20 
0.2 $3 56 +t 51 50 
0.5 59 90 75 95 $7 
Sodium arsenite solution 2.0 92 0 64 74 16 
+.0 16 0 57 94 50 
Lead arsenate powder 2.0 39 0 0 85 28 
t.0 34+ 0 0 0 0 
Paris green powder 2.0 28 14 0 0 5 
+.0 27 0 0 85 28 
Calcium arsenate powder 2.0 13 0 0 100 33 
1.0 16 0 31 16 26 
Fuel oil emulsion 10 .F 65 0 15 Q4 16 
64 65 70 9S 78 
Creosote emulsion 10.0 3 18 0 6) 29 
52 61 0 100 54 





1 Dosages of the gamma isomer. 
2 Approximate (5 gallons). 


in sand flies, but in others they were of 
doubtful value. Recently ground and 
aerial sprays of DD'T have been employed 
for the control of adult sand flies. Such 
treatments usually provide immediate 
relief, but they must be made almost 
daily to minimize annoyance. Spraying 





over large areas seldom provides relief 
for more than a few days, as continuous 
breeding and migration of adult flies 
quickly repopulate the treated areas. 
Since spraying for the control of adult 
sand flies is expensive and is effective for 
a relatively short time, it was believed that 
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control of the larvae might be more prac- 
ticable, and certainly more effective, if 
satisfactory larvicides could be found. 
Studies of soil treatments with various 
insecticides were therefore undertaken, 
some of the results of which are given in 
this paper. 

‘Tests ON SMALL PLors.—Tests were 
conducted during 1951 on 30 small plots, 
each 400 square feet, at Dania and North 
Miami Beach, Fla., to compare the toxic- 
itv of emulsions, pellets, and suspensions 
of dieldrin, and emulsions of chlordane, 
BHC,’ aldrin, and heptachlor against 
larvae of Culicoides furens. Additional 
tests were conducted with sodium arse- 
nite, lead arsenate, Paris green, calcium 
arsenate, fuel oil, and creosote to evaluate 
possible substitutes for the chlorinated 
hydrocarbon materials. The sprays were 
applied with a hand pressure sprayer at 
the rate of 100 to 200 gallons per acre. 
The larval populations were determined 
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by counts from eight soil samples, each 
5 square inches in area and 1.5 inches 
deep, taken at random within each plot. 
The effectiveness of the various insecti- 
cides and dosages was determined by the 
difference in the pretreatment count and 
counts 1, 2, and 4 weeks after treatment. 
The results of these tests are given in 
table 1. 

Chlordane and heptachlor were the 
most effective materials tested, both giv- 
ing excellent control at 0.25 pound per 
acre, and heptachlor even at 0.1 pound 
per acre. Dieldrin, aldrin, and BHC 
(gamma) were highly effective at 0.5 
pound per acre but not at lower dosages. 
Sodium arsenite, lead arsenate, calcium 
arsenate, and Paris green were relatively 
ineffective at dosages up to 4 pounds per 
acre, as were fuel oil and creosote at ap- 
proximately 40 pounds (5 gallons) per acre. 


‘ Throughout these tests BHC containing 40 per cent of the 
gamma isomer was used, 


Table 2.—Results of tests on large plots with insecticides applied as soil treatments for the control 





of sand fly larvae. 


INSECTICIDE PRETREAT- 


AND DosaGE MENT 
(POUNDS PER LARVAL 
ACRE) CouNT l 2-3 1-5 
Chlordane 
Q 30.0 91 81 86 
23.0 60 92 66 
25.4 0 S84 52 
18.0 62 85 95 
67.2 90 99 98 
i 56.5 97 93 94 
BHCS 
0.5 $7. 96 95 
l 13.8 85 86 78 
52.4 O4 96 
24.4 07 99 99 
2 44.5 99 99 100 
DDT 
2 11.9 9 40 70 
t 79.4 62 71 - 
a. 4 23 95 
Toxaphene 
2 18.3 31 64 8&3 
Dieldrin 
l 13.3 $2 93 98 
2 14.8 98 99 100 
Aldrin 
l 4.5 73 82 96 


Per Cent Repuction at INpicaTtTED WEEKS AFTER TREATMENT! 


10 13-19 21-28 31-37 39-46 49-55 60-65 


84 86 87 —2 

47 28 0 

97 99 99 99 

89 98 100 97 95 78 92 
99 99 93 80 0 

93 98 99 98 98 $3 tS 
93 70 2 

60 0 

93 0 - 

98 94 78 80 0 

99 98 98 73 Ot 95 74 
1 46 88 95 S4 $1 51 
72 94 62 63 S4 9 63 
64 93 95 74 70 

SI 85 92 47 0 _ 
99 99 97 99 95 

99 99 100 99 99 99 89 
99 94 72 — 54 — — 





1 One sampling for each period through the fifth week and two samplings thereafter. 
2 Larval populations increased markedly and plots were re-treated. 


Dosages of the gamma isomer. 
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In comparative tests of various dieldrin 
formulations at 0.1 and 0.25 pound of 
dieldrin per acre, the pellets showed some- 
what better reductions of sand fly larvae 
than the emulsions or suspensions, but at 
higher dosages all formulations were about 
equal in effectiveness. 

Sou-TREATMENT Tests ON LARGER 
PLors.—Sixteen tests were conducted in 
1950 and 1951 on plots of 0.2 to 5 acres to 
determine the immediate and residual 
effectiveness of soil treatments with 
chlordane, BHC, dieldrin, aldrin, DDT, 
and toxaphene. Most of the plots were 
small islands, and the others consisted 
of typical tidal mangrove salt marsh. 
The insecticides were applied in emul- 
sions at the rate of 40 gallons per acre, 
the concentration being varied to give 
the desired dosage. ‘Treatments were 
made with a small power sprayer. The 
per cent reduction in the treated plots 
was determined by means of a modified 
Abbott’s formula. The results of these 
tests are given in table 2. 

Applications of 1 pound or more per 
acre of dieldrin, Chlordane, BHC (gam- 
ma), or aldrin gave excellent reductions 
within 1 week. Dieldrin appeared to pro- 
vide the greatest and most consistent 
control over a long period of time. An 
application of 1 pound per acre was highly 
effective for at least 44 weeks and of 2 
pounds for at least 65 weeks. This is in 
contrast to the results in the previous 
series, in which chlordane was more 
effective than dieldrin. Presumably the 
results in these larger plots are more indi- 
cative of what may be expected in field 
use. 

Chlordane at 2 pounds and BHC at 1 
pound of the gamma isomer per acre 
varied considerably in residual effective- 
ness in different tests. In at least one test 
both treatments showed a marked loss 
of effectiveness after 6 to 10 weeks, but in 
other tests they were effective for at least 
a vear. Chlordane at 4 pounds and BHC 
at 2 pounds of the gamma isomer per 
acre showed slightly longer residual effec- 
tiveness than most of the treatments at 
half these dosages. 

The difference in the effectiveness of 
these two insecticides on various plots 
was attributed to differences in the rates 
of reinfestation. In many cases there was 
a natural decline in adult sand fly abun- 
dance after treatments were made, and 
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apparently there was little oviposition 
over considerable periods. Some of the 
plots may not have been attractive to 
ovipositing adults. Reinfestation in a few 
plots was delayed by high tides, which 
kept them completely flooded for several 
weeks. With so much variation it is be- 
lieved that re-treatments should be based 
on the minimum duration of effectiveness 
indicated for a given treatment rather 
than the average or maximum. 

Aldrin at 1 pound per acre showed a 
high degree of control for 18 weeks, began 
failing between 21 and 28 weeks after 
treatment, and was relatively ineffective 
by the 44th week. 

DDT at 2 and 4 pounds per acre and 
toxaphene at 2 pounds showed poor im- 
mediate control and rather erratic results 
over a long period. Both insecticides ap- 
peared to be fairly to moderately effective 
much of the time between the 4th and 
28th weeks, but the reinfestation may 
have been low. The variations in the tests 
suggest that neither of these materials 
is a highly effective sand fly larvicide, but 
further tests are under way to determine 
their value more definitely. 

AIRPLANE APPLICATION OF LARVICIDE. 
—The great amount of time and labor 
required to treat small blocks of mangrove 
marsh suggested the possibility of treat- 
ing such areas by airplane. A test was 
therefore conducted in which 16 acres 
was sprayed by airplane with a chlordane 
emulsion at the rate of 4 pounds of toxi- 
cant per acre. This treatment caused an 
immediate reduction of 86 per cent of the 
larval population and gave satisfactory 
control for 12 weeks. In general, the con- 
trol from this treatment was comparable 
with that obtained with 2 pounds per 
acre of chlordane applied with ground 
equipment. 

DisPERSAL OF CHLORDANE IN TIDE- 
WATER.—T'wo experiments were con- 
ducted during 1950 in which chlordane 
emulsifiable concentrate was dispersed in 
incoming tidewater. This method was 
first suggested by F. E. Stutz, director of 
the Dade County (Florida) Anti-Mosqui- 
to District. The tests were made on a 12- 
acre oblong island, which was diked 
around the perimeter and then divided by 
additional dikes into three plots, one of 
6 acres and two of 3 acres each. The island 
was traversed by two lengthwise ditches, 
open at both ends to tidewater. One of the 
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Table 3.—Results of treatments with chlordane emulsifiable concentrate dispersed in inflowing 


tidewater for the control of sand fly larvae. 








PRETREAT- 








POUNDS OF MENT 
CHLORDANE LARVAL — — 
PER ACRE Count 2 4 6 10 
Q 1092 95 95 92 90 
$ 1139 97 97 99 99 


Check plots: 
Ditches closed 


0 1229 1 38 62 82 
Ditches open 
0 1159 30 14 1966 


15 19 24 28 33 38 42 51 





82 93 88 93 90 91 75 71 
100 100 100 100 100 100 100 


8099 


ce 
~ 


90 97 93 88 66 


40 96 82 84 92 85 85 38 





3-acre plots was treated at the rate of 2 
pounds of chlordane per acre and the 
other at 4 pounds. The 6-acre plot was left 
untreated as a check. 

Chlordane emulsifiable concentrate was 
applied by means of two regulated drip 
cans in each plot, one placed near the 
mouth of the ditch, and the other about 
two-thirds of the way down the ditch. 
Treatment was made on an incoming 
tide over a period of 1.5 hours, after which 
the ditch outlets were closed with earth. 
Ditch entrances to the check plot were 
similarly closed the following day while 
the plot was flooded. A second check 
plot was established on another 12-acre 
island of similar character, but the ditches 
were left open to normal tide flow. Seven- 
teen weeks after treatment the ditches 
on both the treated and check plots were 
open to normal tide. The results of these 
tests are given in table 3. 

At 2 pounds per acre the reduction in 
larval population ranged from 82 to 95 
per cent over a period of 38 weeks. Be- 
tween the 42nd and 5lst weeks, however, 
the population increased to an average 
of five larvae per sample, an indication 
that the treatment was no longer effective. 
The 4-pound treatment gave nearly per- 
fect control through the 42nd week, but 
began to lose its effectiveness by the 
fifty-first week. 

The two check plots showed sizable 
and erratic reductions, but by the fifty- 
first week both were beginning to show 
increases in larval population. The early 
decrease may have been due in part to 
a normal seasonal decline, and this may 
also have been a factor in the high level 
of control indicated in the treated plots 
during this period. 

PracticAL Controu ‘Tests.—During 


April 1951 two practical-scale experi- 
ments for the control of sand fly larvae 
were conducted on Hypoluxo Island. 
About 220 acres of marsh in this area 
was found to be favorable for sand fly 
breeding. Most of this land is located 
along the lower portion of Lake Worth 
between Lantana and Boynton, a dis- 
tance of about 4 miles. This area is iso- 
lated by areas that are largely nonproduc- 
ing, extending about 10 miles north and 
about 8 miles south of the infested area. 
The geography of the area made it well 
suited to large-scale tests, and it was be- 
lieved that successful control should 
demonstrate relief from annoyance in the 
lake-shore communities. 

About 92 acres of marsh east of Lantana 
were selected for treatment with ground 
equipment. The remaining 128 acres, in 
the Boynton area, were set aside for treat- 
ment by airplane. In this area it was 
necessary to cut only a few trails through 
the marshes to permit random observa- 
tion and sampling. In the marshes sched- 
uled for treatment by ground equipment, 
however, an extensive network of trails 
had to be cut through the mangrove, and 
access roads for mobile spray units had 
to be cleared to marshes not adjacent to 
established roads. The trails were cut 
parallel to each other at intervals of about 
75 feet, from high ground near each marsh 
margin through the marshes to open water 
or to an intersection with another trail. 
Their length ranged from less than 100 
to about 1200 feet, depending on the 
width of the marsh. 

Ground treatments were applied with 
a power sprayer supplied by the Palm 
Beach County Mosquito Control District. 
A dieldrin emulsion made from an 18 
per cent emulsifiable concentrate was 
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Table 4.—Results of application of dieldrin by ground and aerial sprays to mangrove marshes for 


the control of sand fly larvae. 





NUMBER OF 
LARVAE PER 


Per Cent Repuction at INpICATED WEEKS 


Arrer TREATMENT 


POUNDS OF NUMBER SAMPLE 
DIELDRIN or ACRES BEFORE 
PER ACRE SPRAYED ‘TREATMENT 2 I 8 12 0) 
Ground Sprays 
0.95 59.3 16 99.5 99.9 99.8 99.8 100 
1.33 +.9 31 100.0 100.0 100.0 100.0 100 
1.11 3.5 34 100.0 100.0 100.0 100.0 100 
0.71 7.2 t 100.0 100.0 100.0 100.0 100 
0.86 7.8 12 100.0 100.0 100.0 100.0 100 
0.92 1 45 95.4 92 4 998 100.0 100 
Average 99.9 98.7 99.9 99.9 100 
Aerial Sprays 
g 22 96.1 98.9 99.6 99.8 100 
18 100.0 100.0 94.8 71.4 , 
38 97.4 98.2 99.2 100.0 100 
Average 97.8 99.0 97.9 90.4 100 
Untreated Check 
0 26 5. | $5.0 13.6 1.5 39 





1 Re-treated with ground equipment 


used, diluted to give different concentra- 
tions of dieldrin and rates of application 
for different types of terrain. Sprays were 
applied at a pressure of about 650 pounds 
per square inch at approximately 3.5 
gallons per minute. The spray gun was 
equipped with a No. 5 disk, and about 
900 feet of high-pressure-type hose was 
connected to the pump at all times and 
uncoiled as needed. Additional lengths 
of hose were added as required to cover 
longer trails up to 1300 feet. The desired 
rate of application was 1 pound of diel- 
drin per acre, but the dosages actually 
ranged from 0.71 to. 1.33 pounds. The 
dosage varied also in different parts of 
the individual plots, since the amount of 
spray decreased with the distance away 
from the trail. The average dosage for the 
entire 92 acres was 0.988 pound per acre. 
The area was divided into sections for 
convenience in treatment and sampling, 
and sampling was conducted on 84 acres 
of the treated area. 

An area of approximately 125 acres of 
mangrove marsh was sprayed by airplane 
with an oil solution containing 12. per 
cent of dieldrin at the rate of 2 gallons 
per acre. The larval populations on the 
marshes were determined by means of 
soil samples. 'wo series of samples were 
taken prior to treatment. More than 700 
samples from 199 stations were taken in 


each series. Post-treatment samplings 
were begun 2 weeks after treatment. 
The results of the samplings before and 
up to the 20th week after treatment are 
given in table 4. 

The first sampling 2 weeks after treat- 
ment showed nearly complete reduction 
of the larval populations by both ground 
and airplane sprays. All sections of the 
area treated with ground equipment and 
two of those treated by airplane continued 
to show excellent control through 20 
weeks, the time of the latest sampling. 
The third section of the airplane-treated 
plot showed a decided loss of effectiveness 
by the twelfth week. These poor results 
were attributed to improper application 
of the insecticide. The plane had_ to 
traverse this section in a different direc- 
tion than the others, and at a higher level, 
so that less insecticide penetrated the 
thick mangrove and reached the ground. 

Additional data on the effectiveness of 
the large-area treatments were obtained 
from adult-emergence traps placed at 
random in the treated and check areas. 
A few adult sand flies were taken from 
time to time in all areas. Collections from 
all the traps, including those in the check 
area, were so low that conclusions as to 
the per cent reduction would not be justi- 
fied. They do indicate that there was a 
high degree of control with the ground 
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treatment, although it was not so com- 
plete as indicated by the larval counts. 
‘The airplane treatment was less effective, 
and gave much less uniform results, as 
certain traps gave consistently high 
catches whereas others caught few or 
none, 

The results of light-trap tests through 
May 22 indicated a much lower control 
32 per cent) than that shown by larval 
sampling (98 to 99 per cent). However, 
when based on the adult catches in check 
plots, which increased somewhat, the 
reduction in the treated area was calcu- 
lated at 68 per cent. From May 23 to 
August 17 the light-trap catches of Culi- 
coides furens in the treated area increased 
slightly over those obtained before treat- 
ment and during the month to 6 weeks 
after treatment. However, during the 
same period catches in the check area 
increased about twelvefold over the pre- 
treatment catches, and when this in- 
crease is taken into account a reduction 
of 94 per cent is indicated in the treated 
area. 

Light-trap catches continued to show 
rather large numbers of another species, 
Culicoides melleus (Coq.), after the large 
area had been treated, an indication that 
the treatments had not controlled this 
species. Subsequently this species was 
found to breed almost exclusively in the 
sandy beaches of the inland waterway 
that were not treated. 

SUMMARY.—Salt-marsh sand flies are 
troublesome pests of man and animals in 
most of the coastal area of Florida. The 
most abundant and annoying § species, 
Culicoides furens (Poey), breeds primarily 
in well-shaded marsh soils that are con- 
tinuously wet or are subject to daily 
floodings by high tides. Ditching, diking, 
and pumping of marshes have failed to 
give satisfactory control of this species. 
In recent years aerial and ground sprays 
of DDT have been widely used for the 
control of adults, but applications are 
required almost daily to minimize an- 
novance. Studies were therefore under- 
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taken to determine whether control of 
larvae could be obtained with soil treat- 
ments of certain insecticides. 

In tests on small plots chlordane and 
heptachlor were the most effective ma- 
terials tested, both giving excellent con- 
trol at 0.25 pound per acre. Dieldrin, 
aldrin, and BHC showed similar results 
at 0.5 pound of the active ingredient per 
acre. Sodium arsenite, lead arsenate, 
calcium arsenate, and Paris green were 
relatively ineffective at dosages up to 4 
pounds per acre, as were fuel oil and creo- 
sote at approximately 40 pounds per acre. 

On plots of 0.2 to 5 acres 1 pound or 
more per acre of dieldrin, chlordane, BHC 
(gamma), or aldrin gave excellent reduc- 
tions of larval populations within 1 week. 
Dieldrin appeared to provide the longest 
residual toxicity, 1 pound being effective 
for at least 44 weeks and 2 pounds for 65 
weeks. Chlordane at 2 pounds and BHC 
at 1 pound of the gamma isomer per acre 
varied considerably in different tests, but 
higher dosages gave long periods of con- 
trol. Aldrin at 1 pound per acre began 
failing between 21 and 28 weeks after 
application. DDT at 2 and 4 pounds and 
toxaphene at 2 pounds per acre showed 
poor immediate control and rather er- 
ratic results thereafter. 

Chlordane applied by ‘airplane at 4 
pounds per acre on a 16-acre plot showed 
satisfactory control for 12 weeks and ap- 
peared to be about as effective as 2 pounds 
per acre applied with ground equipment. 

Dieldrin at 1 pound per acre applied 
with ground equipment on 92 acres of 
marsh gave excellent immediate control 
of sand fly larvae and was still almost 
completely effective after 20 weeks. Aerial 
applications of 2 pounds of dieldrin per 
acre showed similar results in two of three 
sections of a marsh totaling 125 acres. 
Light-trap catches of adults in these areas 
indicated a high degree of control with the 
ground treatment, but not so high as that 
indicated by larval counts. These catches 
indicated that the airplane treatment was 
less effective than the ground treatment. 
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Histological Effects of Calcium Arsenates, DDT, and 
Dieldrin on Larval Tissues of the Bollworm’ 


DANVILLE S. CHADBOURNE and C, F. Rarnwater, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


Histological investigations to determine 
the effect of insecticides on insects have 
received comparatively little attention, 
as judged from the literature. Pilat (1935) 
reported on the action of several stomach 
poisons on the alimentary tract of certain 
insects, and Woke (1940) conducted 
extensive studies with stomach poisons, 
principally arsenicals or arsenic deriva- 
tives, on the southern armyworm, Pro- 
denia eridania (Cram.). In the latter work 
it was shown that calcium arsenate caused 
disorganization of the mid-gut with the 
epithelial layer appearing as a rather solid 
mass, occasionally presenting fragments 
recognized as cell structures. It was 
further shown that different insecticides 
varied widely in the type and degree of 
action, ranging from no apparent histo- 
logical effect to well-marked damage to 
the mid-gul walls. The ingestion of arseni- 
cals was usually followed by disintegra- 
tion of the mid-gut epithelial cells and 
damage to the mid-gut muscle fibers. 

Hartzell (1934) studied the effects of 
pyrethrum concentrates, applied external- 
lv, on the nervous system of grasshoppers 
and mealworm larvae. He found lestons 
throughout the main parts of the central 
nervous system as well as a marked 
tigrolysis in the brain and ganglia, and 
concluded that death was caused by the 
destruction of the cells -of the central 
nervous system accompanied by paralysis. 

Hartzell & Scudder (1942) conducted 
an experiment on the histological effects 
of pyrethrum and activators on the cen- 
tral nervous system of the house fly. The 
central nervous system showed character- 
istic effects of pyrethrum, and a pair of 
muscles that run from the occiput to the 
base of the proboscis on each side of the 
brain showed a clumping of the nuclei 
as well as vacuolations. Many other parts 
of the body also showed the effects of 
pyrethrum, particularly the labial glands, 
Malpighian tubules, alimentary canal 
epithelium, and fat cells. 

Hartzell (1945) and Hartzell & Wexler 
(1946) did similar work to determine the 
effect of various insecticides and _ acti- 
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vators on the nerves and muscles of house 

flies. DDT was shown to cause a slight 
dissolution of the fiber tracts and degene- 
ration of the nuclei both in the brain and 
in the fused thoracic ganglia, but in spite 
of pronounced neurologic symptoms histo- 
logic changes were slight. On the other 
hand Richards & Cutkomp (1945) were 
unable to detect any clear-cut evidence of 
a degeneration in the nerve cord, mid-gut 
epithelium, Malpighian tubules, thoracic 
muscles, heart, or nephrocytes of the 
cockroach dying from DDT poisoning. 
Witt (1947) was unable to detect any 
histological changes in the central nervous 
system of flies poisoned with DDT. 

Pilat (1935) treated locusts with sodium 
arsenite and fluosilicate and demonstrated 
disintegration of haemocytes and a rise 
in mitosis of the blood cells. 

This paper reports similar studies on 
the effect of calctum arsenate, DDT, and 
dieldrin on the larval tissues of the boll- 
worm, Heliothis armigera (Hbn.). 

Until the insecticidal properties of DDT 
were discovered, calcium arsenate was 
the standard insecticide recommended 
for bollworm control, although it was not 
always effective. Since it was known to 
produce definite symptoms in the alimen- 
tary canal of other insects, it was used 
as a standard of comparison in this experi- 
ment, as well as for a verification of these 
symptoms in the bollworm. 

DDT was included because it is very 
effective against the bollworm. Dieldrin 
showed considerable promise against the 
bollworm in laboratory experiments and 
caused pronounced external reactions 
on this species in toxicity experiments. 

Meruops.—Calcium arsenate was 
mixed as a suspension with water. Satur- 
ated solutions of DDT and dieldrin in 
xylene were prepared. Third- and fourth- 
instar larvae were used throughout. 

Calcium arsenate suspension was ad- 
ministered orally by means of a 1.5 ce. 
hypodermic syringe. DDT and dieldrin 


! Report of a study made under the Research and Marketing 
Act of 1946, in cooperation with the Texas Agricultural Experi- 
ment Station. 
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ere applied to the first pair of abdominal 
prolegs with a wire loop 1.5 mm. in diame- 
‘er. The larvae were placed in a refriger- 
ator for a few minutes just before the 
insecticide was applied to slow down their 
movements, thereby insuring a more 
accurate application. Immediately after- 
wards they were released on young, un- 
treated cotton bolls. Larvae used as 
cheeks were handled in the same manner, 
except that plain xylene was used. 

When the larvae became moribund, 
usually in 8 to 24 hours, 0.5 cc. of Bouin’s 
fixative was injected into each larva with 
a 1.5-ce. hypodermic syringe and a No. 
25 needle. Extreme care was taken not 
to include dead larvae, since post-mortem 
degenerative changes would lead to false 
conclusions. After injection the larvae 
were immersed in the fixative for about 
2 minutes. They were then removed and 
cut into three sections, one cut being 
made just posterior to the third pair of 
thoracic legs and the other behind the 
second pair of abdominal prolegs. In- 
jecting and cutting the larvae insured 
better fixation and embedding. 

The cut larvae were again placed in 
Bouin’s fixative and allowed to remain 
for 24 hours. At the end of this time they 
were removed and run through several 
changes of 50 per cent ethyl alcohol over 
a period of about 2 hours to remove most 
of the fixative and start the dehydration 
process. Next followed several changes 
in 70 per cent alcohol in the same manner; 
then to a mixture of equal parts of 70 
per cent alcohol and acetone for 30 
minutes; next to two changes in plain 
acetone at 40-minute intervals; and then 
to cedarwood oil for clearing for periods 
ranging from 4 hours to overnight. The 
cedarwood oil was removed from the 
tissue by placing it in either benzene 
or xylene for 15 minutes. It was then 
transferred to melted tissuemat, a com- 
mercial embedding compound of m. 
p. 56 to 58° C., and placed in an incubator 
at 60°. Several changes of the tissuemat 
were made over a period of approximately 
8 hours, and the tissue was embedded in it. 

A rotary microtome adjusted to cut 
sections 5 to 7 microns thick was used 
for making both longitudinal and cross 
sections. The ribbon of sections was trans- 
ferred to a moistened slide that had been 
coated with a very thin film of Mayer’s 
egg albumin fixative, and heated on a 


hot plate at approximately 46° C. until 
the film was uniformly stretched and 
the moisture evaporated. Slides were 
usually left on the hot plate overnight 
to reduce loss of tissue during staining. 

Two stains were used, aqueous methyl- 
ene blue and hematoxylin-eosin. The 
methylene blue was used mainly for study 
of nervous tissue, and the technique was 
essentially as follows: The slides were 
placed in xylene to remove the Tissue- 
mat and then hydrated to water through 
a series of alcohols. The sections of the 
larvae were stained for approximately 5 
hours in 0.1 per cent aqueous methylene 
blue; then dehydrated and differentiated 
through 95 per cent alcohol, absolute 
alcohol, equal parts of absolute alcohol 
and xylene, and xylene; and _ finally 
mounted in Permount (a commercial 
mounting medium). 

Harris’s hematoxylin-eosin (modifica- 
tion of Delafield’s) stain was prepared 
as follows: One gram of hematoxylin was 
dissolved in 10 ce. of absolute alcohol 
and added to 20 grams of aluminum am- 
monium sulfate dissolved in 100 cc. of 
warm water. The solution was brought 
to a boil, oxidized with 0.5 gram of mer- 
curic oxide, and cooled rapidly by im- 
mersion cf the flask in cold water. Im- 
mediately before use 5 to 10 drops of 
glacial acetic acid was added to each 
Coplin jar of the stain. The counterstain, 
eosin, was prepared by dissolving 0.5 
gram of eosin in 100 cc. of 95 per cent 
alcohol. 

The procedure followed in using the 
hematoxylin-eosin stain was essentially 
as follows: The slides were placed in xylene 
to remove the tisswemat and then hy- 
drated to water through a series of alco- 
hols. The sections were overstained in 
hematoxylin for 5 to 6 minutes; rinsed in 
distilled water and placed in 50 per cent 
alcohol for 1 to 2 minutes; destained in 70 
per cent acid alcohol until light pink and 
then neutralized in 70 per cent basic 
alcohol containing an excess of sodium 
bicarbonate; dehydrated to 95 per cent 
alcohol; counterstained for about 20 
seconds in 0.5 per cent eosin; rinsed briefly 
in 95 per cent alcohol; dehydrated to 
xylene; and mounted in permount. 

EXTERNAL Symptoms.—Larvae treated 
with calcium arsenate ceased feeding 
after a few hours and became inactive. 
No hyperexcitability was observed. They 
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Treated 


Fig. 1.—Diagram showing effect of dieldrin on the 
hind-gut of bollworm larvae. Note extrusion of hind- 
gut tissue through the anal opening. 


became moribund in about 6 to 16 hours 
and died within 24 hours. 

Larvae treated with DDT and dieldrin 
ceased feeding after 2 hours and became 
inactive. After 3 and 4 hours, respectively, 
slight tremors and convulsions were evi- 
dent, and after several additional hours 
both were severe. The larvae became 
moribund in 8 to 16 hours and most of 
them died within 24 hours. During the 
tremor stage the dieldrin-treated larvae 
became wet with liquid that came from 
the mouth, anus, and apparently through 
the integument of the body walls. In both 
groups of larvae the tremor stage was 
followed by a gradual shriveling, peri- 
staltic convulsions, complete loss of co- 
ordination of legs, and a constant move- 
ment of the mouth parts. In the later 
stages of the convulsions the hind-gut 
tissue of the dieldrin-treated larave pro- 
jected through the anal opening for several 
millimeters (Fig. 1). This symptom oc- 
curred in about 50 per cent of the larvae, 
and the percentage would probably have 
been higher had all the larvae been al- 
lowed to die. The last signs of life before 
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Fig. 2.—Diagram showing effect of calcium arsenate 
on the mid-gut epithelial cells of bollworm larvae. 
Note disorganization and disintegration of cells. 
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Fig, 3.—Diagram showing effect of calcium arsenate 

on the nuclei in muscular tissue adjacent to the mid- 

gut of bollworm larvae. Note nuclei clumped into 
dense rods in treated tissue. 


fixation were a faint heart beat and a 
slight movement of the legs upon prob- 
ing with a teasing needle. All larvae 
treated with xvlene alone were normal. 
INTERNAL MANIFESTATIONS.—Caleium 
arsenate.—Calcium arsenate completely 
disorganized and disintegrated the mid- 
gut epithelial cells (Fig. 2). All but a 
few scattered groups of cells were sloughed 
off into the lumen, only the basement 
membrane and surrounding muscle being 
left intact. The peritrophic membrane 
appeared to be unaffected. Nuclei in the 
muscles adjacent to the mid-gut showed 
a slight clumping into dense rods (Fig. 3). 


DDT.—DDT failed to demonstrate any 
significant histological changes in_ the 


nervous system or in any other tissue of 
the larvae. However, there was a slight 
clumping of the chromatin material in 
the fat bodies similar to the clumping 
effect of dieldrin (Fig. 4). 










Treated 


Fic. 4.—Diagram showing nuclei of fat cells in boll- 

worm larvae clumped into dense masses by dieldrin. 

All fat bodies were affected by dieldrin, whereas only 
slight clumping was caused by DDT. 
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Fic. 5.—Diagram showing effect of dieldrin on the 
mid-gut epithelium of bollworm larvae. Note cell 
nuclei clumped into dense masses, indistinct and dis- 
torted cell walls, and lack of striated border and of 
peritropic membrane, in some instances. 


Dieldrin.—Dieldrin caused the most 
marked histological changes of the three 
insecticides tested. The alimentary canal, 
mid-gut, fat bodies, muscles, and possibly 
some of the Malpighian tubules were 
affected. 

The extrusion of the hind-gut through 
the anal opening, mentioned previously, 
was presumably due to the peristaltic 
convulsions. The alimentary canal was 
forced back toward the anus and, with 
the posterior end still attached, it began 
to turn inside out, and finally broke at a 
weak point just anterior to the pyloric 
valve (Fig. 1). There is little muscular 
protection in this region. The broken 
portion passed on out through the anus 
and the mid-gut was pulled out of posi- 
tion, back to the anal opening. 

All epithelial cells of the mid-gut 
showed marked degeneration (Fig. 5). The 
cell walls were indistinct and distorted. 
The striated border was destroyed, and 
the peritrophic membrane was entirely 





Treated 


Normal 


Fig. 6.—Diagram showing effect of dieldrin on mus- 

cular tissue supporting the hind-gut in bollworm 

larvae, Note divintegration of cell nuclei and nuclear 

membrane as well as vacuolations and clumping of 
chromatin material, 


missing in some instances. Nuclei of the 
cells were clumped into dense masses. 
‘Lhe basement membrane as well as the 
muscles in this region showed little or no 
degeneration. The degeneration of mid- 
gut epithelium was unlike that caused by 
the arsenicals in that the cells did not 
slough off, 

The nuclei of the fat cells were clumped 
into dense masses in all the fat bodies 
throughout the larvae (Fig. 4), suggesting 
an affinity of the toxicant for fat or for one 
or more of its components. 

In general only the muscles investing 
and supporting the hind-gut were af- 
fected. There was a clumping of chroma- 
tin material and in some specimens a 
complete degeneration of cell nuclei 





Normal Treated 


Fic. 7.—Diagram showing effect of dieldrin on the 

Malpighian tubules of bollworm larvae. Note slight 

degeneration of the cell nuclei and increase of a sub- 

stance in the lumen having a strong affinity for 
hematoxylin. 


and nuclear membrane. Vacuolations 
were also observed in the muscles of the 
hind-gut (Fig. 6). 

A slight degeneration of the cell nuclei 
of the Malpighian tubules was observed. 
The most noticeable effect, hoewver, was 
an increase in the lumen of the tubules 
of a substance having a strong affinity for 
hematoxylin (Fig. 7). 

It was expected at the outset of this 
study that histologic examinations would 
reveal a breakdown, or at least a partial 
degeneration, of the nervous tissue of 
DDT- and dieldrin-treated — larvae. 
Through the techniques employed, how- 
ever, no evidence of effect on the nervous 
system was demonstrated. 

Examinations of specimens treated 
with xylene alone showed all tissues to 
be normal. 

SUMMARY AND ConcLusions.—Iisto- 
logical studies were made to determine 
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the effects of calcium arsenate, DDT, and 
dieldrin on larvae of the bollworm, 
Heliothis armigera (Hbn.). The techniques 
employed in fixing, staining, and _ sec- 
tioning the material for study are given. 

Tissues showing marked degeneration 
when treated with calcium arsenate were 
the mid-gut and muscles adjacent to it. 
It was apparent that death from calcium 
arsenate was due to a destruction of the 
mid-gut epithelial lining. The high dosage 
of calcium arsenate used and the time 
(6 to 16) hours) before morbidity occurred 
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might account for the clumping effect of 
nuclei in the muscle tissue. 

The lack of any significant histological 
changes in DDT-treated larvae, especially 
in the nervous system, is in close agree- 
ment with previous findings. 

Dieldrin-treated tissues which showed 
marked degeneration or other abnormal- 
ity were the alimentary canal, mid-gut, fat 
bodies, muscles, and possibly part of 
the Malpighian tubules. No effect on 
the nervous system was detected by 
the techniques employed. 
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Development of Resistance to Insecticides in Natural 
Populations of House Flies! 


I. H. Grtsert, M. D. Coucnu, and W. C. McDurrig,? U.S.D.A., Agr. Res. 
Adm., Bureau of Entomology and Plant Quarantine 


Resistance studies made at the Orlando, 
Fla., laboratory of the Bureau of Ento- 
mology and Plant Quarantine, were re- 
ported at the 1948 and 1949 meetings of 
this Association (King & Gahan 1949; 
King 1950). This work was also discussed 
in a general review of the resistant insects 
problem by Babers & Pratt (1951). 

There was no evidence of resistance in 
natural populations of flies in the vicinity 
of Orlando in 1947, but some resistance 
was indicated in certain locations in 1948. 
At one dairy, Eunice, flies collected during 
the spring were only slightly more resist- 
ant to residues of DDT than flies from the 
regular laboratory colony, whereas flies 
collected late in the summer were four 
times as resistant. Tests comparing the 
resistance of flies from another dairy. 
Lee, to residues of DDT, chlordane, 





methoxychlor, and BHC showed a uni- 
form level of resistance to DDT through- 
out the season, but relatively less resist- 
ance to the other materials. The time re- 
quired to cause 70 per cent mortality 
(LT-70) of Lee flies exposed to DDT was 
11 times that of the regular colony, com- 
pared with ratios of only 2.6:1 for meth- 
oxychlor, 1:1 for chlordane, and 0.6:1 
for BHC. 

The resistance of the dairy flies to 
DDT, methoxychlor, and lindane did not 
increase greatly between 1948 and 1949. 
Twenty-one lots of flies collected in 1949 
from 18 barns showed an average LT-70 


1 The authors acknowledge the advice and assistance of W. V. 
King, formerly in charge of the Orlando, Fla., laboratory of this 
Bureau, and the assistance of D. Anthony, C. Crittenden, and 
P. Adcock of the Orlando laboratory, who performed many of 
the routine duties connected with this research. 

2 Unpublished manuscript. 
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on DDT residues of 34.4 minutes, com- 
pared with 3.2 minutes for flies from the 
regular laboratory colony, a ratio about 
equal to the 11:1 ratio observed in the 
Lee dairy the previous year. The LT-70 
for flies from the Eunice dairy was the 
lowest of the group, 13 minutes, or about 
equal to the 4:1 ratio observed in 1948. 
On residues of methoxychlor, the average 
L/T-70 of nine lots of dairy flies was slight- 
ly more than twice as long as that of the 
laboratory colony, whereas the LT-70’s 
were less than twice as long in a small 
number of tests with lindane, toxaphene, 
and dieldrin. 

Studies of the development of resist- 
ance to insecticides in natural populations 
of house flies, Musca domestica L., in 
dairy barns in central Florida were con- 
tinued during 1950 and 1951. 

Mernuop or Trestinc.—Female flies 
were collected from natural populations 
in dairy barns and tested in the labora- 
tory. They were exposed for various peri- 
ods under half petri dishes on plywood 
panels treated with the different insecti- 
cides at 25 mg. per square foot. The ex- 
posure times required to cause 50 per cent 
mortality (LT-50) provided information 
as to the relative susceptibility of the flies 
in the different installations. 

EVIDENCE OF INCREASED RESISTANCE 
IN 1950.—Tests conducted in May 1950 
showed a marked increase over the pre- 
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vious year in the resistance of the flies 
from the Eunice dairy to DDT, and the 
development of resistance to other insecti- 
cides. By this time sprays and aerosol 
treatments with lindane, dieldrin, and 
pyrethrum no longer gave practical con- 
trol in the dairy. On the basis of residue 
tests, Eunice flies were 12 times as resist- 
ant to DDT and more than 12 times as 
resistant to lindane, dieldrin, and aldrin 
as regular-colony flies, but no resistance 
to methoxychlor, parathion, or pyrethrum 
was evident. These observations were con- 
firmed in space-spray tests, which demon- 
strated also that Eunice flies were 25 
times as resistant to chlordane as regular- 
colony flies. By midsummer the flies from 
this diary were more than 40 times as 
resistant to DDT as the regular-colony 
flies, as indicated by the LT-50’s obtained 
in residue tests. The resistance in dieldrin 
appears attributable to the use of this 
material for residual treatments in the 
barn in 1949, when three applications of 
50 mg. per square foot were made be- 
tween June 2 and September 1. The resist- 
ance to lindane, aldrin, and chlordane 
‘annot similarly be explained, however, 
since these insecticides, so far as is known, 
had not been used previously in this or 
other dairies in the general area. 
SEASONAL CHANGES IN RESISTANCE.— 
In 1950 and 1951 studies were made of 
the changes in resistance to insecticides 


Table 1.—Resistance of female house flies from several dairies to residues of various insecticides 


in the spring and fall of 1950. 








LT-50 (MinuTEs) 





SEASON OF Dairy Regular 
Darry INSECTICIDE AND FORMULATION COLLECTION Flies Colony 
Lakemont No. 2 DDT suspension Spring 89 6 
I pring 
Fali > 240 B:2 
187 1.6 
Chlordane emulsion Spring 16 16 
Chlordane-acetone solution Fall > 240 10 
403 7.9 
Lindane-acetone solution Fall 65 $3.1 
Ballard No, 2 DDT suspension Spring 42 6 
Toxaphene suspension Spring 46 SI] 
Toxaphene-acetone solution Fall > 240 3.7 
Lindane-acetone solution Fall 53 3.4 
Knight DDT suspension Fall 195 2.9 
Lindane-acetone solution Fall 71 0.8 
Judge DDT suspension Fall 109 1.6 
Lindane-acetone solution Fall 12 0.8 
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Table 2.—Resistance of female house flies 
from several dairies to residues of lindane and 
DDT, alone and combined with synergists, at dif- 
ferent times in 1951. 





LT-50 1n MINuTES 


Lindane DDT 
Montu - 
or Plus Plus 
CoL- Synergist Synergist 
Dainky LectTioN Alone RE-1901 Alone K-3926 
Lakemont No.l June 14 4 239 80 
Sept. 65 52 198 95 
Lakemont No.2 June 10 26 140 
Sept. 145 167 S61 106 
Ballard No. 2 June 27 29 > 240 
Aug. +6 38 > 20 126 
Sept. 229 254 345 321 
Ballard No, 3 June 17 12 83 47 
July 36 20 > 240 160 
Aug 62 61 164 123 
Sept. 27 202 638 180 
How-Ann June 8 <5 06 58 
Aug. 20 20 > 240 St 
Oct. 63 75 > 240 57 
Regular colony June 3 3 15 >20 
July 5 2 8 12 
dept 11 6 9 18 





that occurred during a single season in 
natural populations of flies in’ treated 
premises. In 1950 the flies were collected 
in premises that were regularly treated 
with various insecticides in the course 
of field tests. The computed LT-50’s of 
flies from different barns and from the 
laboratory colony are summarized in 
table 1. 

Flies from the five dairies showed rela- 
tively low resistance to lindane and to 
lindane plus synergist RE-1901 in June, 
and a high degree of resistance in the fall. 
The LT-50 of the Ballard No. 3 flies on 
residues of lindane increased approxi- 
mately 4 times between June and August 
and 16 times between June and Septem- 
ber. Since similar increases were shown 
for the lindane-synergist combination, the 
flies may have developed some resistance 
to the svnergist. 

The flies from all dairies tested were 
highly resistant to DDT and moderately 
so to the DD'T-synergist combination 
in the June tests. In subsequent tests 
Ballard No. 3 flies showed an increased 
resistance, the LT-50’s for DDT and 
DDT-svnergist in September being seven 
and four times those of June. 

The resistance of flies to DDT and 
chlordane increased considerably between 
the spring and fall of 1950 in the Lake- 
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mont dairy, which was being regular] 
treated with chlordane for the third 
season. The flies collected in the spring 
were 15 times as resistant to DDT as 
laboratory-colony flies, but showed no 
resistance to chlordane. By fall these flies 
were more than 24 times as resistant to 
chlordane as flies of the regular laborator; 
colony, and also showed an_ increased 
resistance to DDT and high resistance 
to lindane. Residual treatments of chlor- 
dane in this diary were effective in the 
spring, but relatively ineffective during 
the summer and fall. 

In the Ballard dairy, which had been 
treated with toxaphene in 1949, flies 
collected in the spring showed no resist- 
ance to this chemical, but were moderate- 
ly resistant to DDT. After three applica- 
tions of toxaphene during the season of 
1950, the flies were more than 65 times 
as resistant to toxaphene as regular- 
colony flies. They were also much more 
resistant to lindane than the regular- 
colony flies. Spring and summer appli- 
cations of toxaphene gave fairly good 
control of flies in this dairy, but by fall 
the treatments were ineffective. In the 
Knight dairy, where excellent control of 
flies was maintained with DDT in 1948 
and 1949, a high degree of resistance to 
DDT and lindane was shown in the fall 
of 1950, both materials having been used 
during the season. Increased resistance 
of flies at Judge’s dairy to lindane and 
DDT was indicated after several months 
of space spraying with lindane. 

In 1951 flies were collected at irregular 
intervals in several installations during 
the active season and tested by exposure 
to lindane and DDT to determine the 
seasonal changes in their resistance. Lin- 
dane was used alone and with a com- 
mercial synergist, 2-hydroxy-decachloro- 
4,7-methanoindane-l-one (RE-1901), and 
DDT was used alone and with syner- 
gist 1,1-bis-chlorophenylethane (K-3926). 
DDT and lindane were applied at the 


rate of 25 mg. per square foot. The 
ratio of lindane to synergist was 1:1 


and of DDT to synergist 5:1. The L'T-50's 
computed from the test data from five of 
the dairies are given in table 2. 
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A Modified ‘Technique for Laboratory Evaluation 
of Contact Insecticides! 


Witiiam EK. Couurs? and Herman L. Kina, Kast Lansing, Michigan 


Most laboratory methods of testing 
residual insecticides involve the use of 
insecticide films or deposits on a_ test 
surface. Tattersfield & Potter (1943) used 

Potter tower to spray the insecticidal 
solution onto filter papers, and caged 
flour beetles on the papers by inverting 
filter funnels over them. A similar method 
was used by Pradhan (1949). The proce- 
dure was simplified by Stringer (1949), 
who used a pipette todrop a known amount 
of insecticide solution onto the papers. 
Still more simple, though less accurate, 
was the method used by Morrison (1945), 
who dipped the papers into solutions of 
known concentration. Morrison lined the 
inside of a vial with a treated paper and 
enclosed a number of adult Drosophila 
for a 24-hour period. The present paper 
is a report of a method which we believe 
combines the better features of each of 
the above methods. Essentially it involves 
the use of a Biichner funnel to filter known 
suspensions through the test papers, and 
a rack which permits the exposure of 
flour beetles to the deposit in paper-lined 
Vials, 

PROCEDURE.—A steady supply of T'ri- 
holium confusum Duval was maintained 
on Whole wheat flour in a rearing cabinet. 
The temperature in the cabinet varied 
from 78° to 83° F. Pans of saturated salt 
solution kept the relative humidity be- 
tween 60 and 70 per cent. 

The amount of insecticidal material on 
the filter papers was calculated on the 
basis of milligrams per square foot of 
surface. Deposits of 14, 33, 61, 122 and 
229 mg. per square foot were used. Fifty 
per cent DDT wettable powder*® was used 
for all of the tests. The powder was 
weighed out, mixed with 400 ml. of dis- 
tilled water, and kept in suspension by an 
electric mixer. When the suspension was 
thoroughly mixed, an aliquot portion was 
poured quickly onto a No. 2 Whatman 
filler paper in a Biichner funnel, and the 
water drawn off by vacuum. The filter 
paper was then lifted out of the funnel 
and laid on clean muslin to dry. Each 
suspension was used for preparing ten 
papers. In general, the papers were used 
on the day following their preparation. 


The dried filter papers were put in 25 by 
95 mm. vials. The outer edge of the filter 
paper was coated with vaseline which 
held the paper close to the glass and con- 
fined the beetles to the treated surface. 
Ten 4-week-old beetles were placed in 
each vial. The vials were stored in a rack 
which held them at a 45-degree angle. 
This prevented the beetles from climbing 
the glass surface and kept them in contact 
with the treated surface of the filter paper. 
After exposure for 1, 3, 6, or 24 hours the 
beetles were transferred to recovery vials, 
containing about 0.75 inch whole wheat 
flour. After a recovery period of seven or 
eight days, the beetles were sifted from 
the flour with a 20-mesh sieve and mor- 
tality counts were made. Beetles which 
were unable to walk on a flat paper sur- 
face were considered dead. 
EXPERIMENTAL Resutts.—For the first 
test, papers were prepared with DDT 
deposits of 14, 33, 61, 122, and 229 mg. 
per square foot of surface. Check papers 
were prepared with distilled water. Each 
concentration was tested for time periods 
of one, three, six, and twenty-four hours. 
Kach concentration was replicated five 
times in one day, and the whole test was 
repeated on three different days. This 
involved the testing of 3600 beetles in 360 
vials. Exposure was conducted at room 
temperature and humidity (68° to 78° F. 
and 28 to 34 per cent, respectively). 
After exposure the beetles were trans- 
Table 1.—Per cent mortality of Tribolium con- 
fusum from different deposits of DDT. These 


tests were conducted at room temperatures and 
humidity. 





SIGNIFI- 


Per Cent Morvatiry! CANT 
DIFrFER- 

Mg. DDT per Sq. Ft. ENCE 
EXPposuRE BETWEEN 
(Hrs.) 0 14 33 61 122 229 MEANS 

1 0 9.3 11.38 2.8 38.0 40.7 1.48 

8 0 27.3 40.7 &8.7 67.3 72.7 1.60 

6 0 28.7 55.3 63.3 83.3 87.3 1.40 

24 0 95.3 99.3 100 100 99.3 34 





1 Each figure in the table represents the mean of 15 replicates 
(150 beetles). 


1 Journal Article 1402 from the Michigan Agricultural Ex- 
perime nt Station, 
Mr. Collins’ present address is the New Jersey Agricultural 
E xpe riment Station, New Brunswick, N. 
> Manufactured by the Dow Chemic al C ompany, Midland, 
Michigan. 
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Table 2.—Per cent mortality of Tribolium con- 
fusum at different temperatures. Different de- 
posits of DDT were used at an exposure time of 
3 hours. The relative humidity was constant. 











Per Cent Mortanity 


Mg. DDT per Sq. Foot 


Temp. REPt. 0 33 61 
59° F. 10 1 96 98 
80° F. 10 0 57 72 





ferred to recovery vials which had been 
stored in the rearing cabinet to bring them 
to a standard temperature. The beetles 
in the recovery vials were stored in the 
rearing cabinet for 8 days. Mortality 
counts, made at the end of this time 
are given in table 1. 

Analysis of variance indicated highly 
significant differences in the results given 
by different deposits and by different 
exposure periods. In general, results ob- 
tained on different days were in close 
agreement. At the 3-hour exposure 
period only was there any significant 
difference in the results obtained on differ- 
ent days. Table 1 indicates quantitatively 
a fact which has been noticed many times 
in the practical use of DDT residues: 
namely, that the exposure period is a 
more critical factor than the strength of 
the deposit. A deposit of 229 mg. per 
square foot, which is approximately 
equivalent to the deposit ordinarily rec- 
ommended for fly control, killed 40.7 per 
cent of the beetles exposed for 1 hour. 
By using a 3-hour exposure period, 
the same percentage of beetles was killed 
by a deposit of only 33 mg. per square 
foot. For testing purposes, the 3-hour and 
6-hour exposure periods seemed prefer- 
able since the results were well distributed 
through the middle range of mortalities. 
The 3-hour period had the obvious ad- 
vantage of requiring less time. 


Table 3.—Per cent mortality of Tribolium con- 
fusum at different relative humidities. The tem- 
perature was constant. 





Per Cent Mortauity 


Mg. DDT per Sq. Ft. 


RELATIVE 
Hvumipiry, 


Per CEN1 REPL. 0 33 61 
33 10 2 61 65 
69 10 } 54 71 
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Table 4.—Per cent mortality of Tribolium con- 
fusum of different ages. The temperature and 
relative humidity were held constant. 








Per Cent Mortatity 
6-Hour Exposur: 
Mg. DD per 

A 


3-Hour Exposure 
Mg. DDY per 


Sq. Ft. Sq. F 
AGE OF - - 
BEETLES Repu. 0 33 61 122 0 33 61 12 
7 days 10 1 68 67 71 1 77 73 89 
54-58 days 10 2 67 79 90 0 85 94 95 





The second test was designed to de- 
termine the effect of temperature on the 
results. For this purpose two small con- 
stant-temperature cabinets were used. 
One was maintained at 59° F. and the 
other at 80° F. Saturated solutions of 
MgCl,-6H,O kept the relative humidity 
at approximately 33 per cent in both 
cabinets. Papers were prepared with 
DDT deposits of 33 and 61 mg. per square 
foot. Check papers were prepared at the 
same time. The beetles were put in the 
temperature cabinets 24 hours before 
treatment to bring them to the testing 
temperature. The exposure time was 3 
hours and the recovery period was 7 days. 
Both exposure and recovery were carried 
out in the temperature cabinets. The tests 
were replicated five times on each of 2 
days. The results obtained are represented 
in table 2. 

Analysis of variance indicated a highly 
significant difference between the re- 
sults at the two temperatures, with the 
greater mortality at the lower tempera- 
ture. This is in accordance with the find- 
ings of numerous workers, as reviewed by 
Denning & Pfadt (1950). 

The third test was designed to deter- 
mine the effect of humidity on the results. 
The temperature was held at 80° F. The 
relative humidities were maintained at 
approximately 33 per cent and 69 per cent 
by solutions of magnesium chloride and 
common. salt, respectively. The papers 


Table 5.—Per cent mortality of Tribolium con- 
fusum by DDT deposits of different age. The 
temperature and relative humidity were held 
constant. 





Per Cent Morratiry 


6-Hour Exposur« 
Mg. DDT per 
; rt. 


3-Hour Exposure 
Mg. DDT per 


Sq. Ft. Sq. F 
AGE OF 
Deposit Rept, 0 33 61 122 0 sS 61 122 
1 day 10 0 51 61 73 1 71 7 87 


30 days 10 0 56 56 74 0 65 91 90 
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were prepared with DDT deposits of 
33 and 61 mg. per square foot. Both the 
exposure (3 hours) and the recovery (7 
davs) were carried out in the cabinets, 
and the tests were replicated five times on 
each of 2 days. The results are presented 
in table 3. 

\nalysis of variance indicated that 
within the range of deposits tested there 
was no significant difference between re- 
sults at the two relative humidities 33 
and 69 per cent. The results, when 
plotted, indicate that significant differ- 
ences might occur at other concentra- 
tions of DDT. 

The fourth test was designed to ascer- 
tain whether the age of the beetles affected 
the results. Two ages of beetles were used, 
namely, 7-day-old adults and adults 54 to 
58 days old. The papers were prepared 
with DDT deposits of 33, 61 and 122 
mg. per square foot. Both exposure and 
recovery were carried out at a tempera- 
ture of 80° F. and a relative humidity of 
approximately 69 per cent. The exposure 
times were 3 and 6 hours with five replica- 
tions on each of 2 days. The results ob- 
tained after a recovery period of 7 days 
are given in table 4. 

Analysis of variance indicated that 
with the 3-hour exposure period there 
was no significant difference between the 
mortality of the 7-day-old beetles and 
those 54 to 58 days old. There was, how- 
ever, a highly significant difference be- 
tween the mortality of beetles of different 
ages when the 6-hour exposure period was 
used, the mortality being higher with the 
older beetles. 

The fifth test was designed to deter- 
mine the residual property of the DDT 
deposit on the filter paper. One day and 


30 days before being used, filter papers 
were prepared with DDT deposits of 0, 33, 
61 and 122 mg. per square foot. For the 
30-day storage, the papers were put on 
wooden trays in a large cabinet, at room 
temperature and humidity. Forced air 
circulation through the cabinet helped to 
prevent dust from settling on the papers 
and prevented any accumulation of vapor 
in the cabinet. The tests were run at a 
temperature of 80° F. and a relative 
humidity of approximately 69 per cent. 
The exposure times were 3 and 6 hours, 
with five replications on each of 2 days. 
The results, obtained after a recovery 
period of 7 days, are given in table 5. 
Analysis of variance indicated no sig- 
nificant difference between the results 
given by the two ages of test papers at 
either of the exposure periods. 
SumMMAry.—The use of T'ribolium con- 
fusum in the laboratory testing of residual 
insecticides is facilitated by the use of a 
Biichner funnel to apply known deposits 
of wettable powder to filter papers, and 
by the use of a rack to hold paper-lined 
vials at an angle such that the beetles are 
kept in contact with the deposit. Details 
of the method are presented and factors 
which may influence the results are dis- 
cussed. The negligible mortality of the 
check insects and the low experimental 
error indicate that the method is funda- 
mentally sound. Deposit, exposure time 
and temperature are critical factors which 
must be carefully controlled. Under some 
conditions age of beetles and humidity 
may affect the results. In testing DDT 
deposits, the age of the deposit (up to 30 
days) did not affect the results. However, 
with less stable materials, the age of the 
deposit might be a critical factor. 
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Control of Woolly Apple Aphids in Orchards 
Sprayed with DDT 


ky. J. Newcomer and F, P. Dean, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine 


When apple growers in the Pacific 
Northwest began using DDT to control 
the codling moth, Carpocapsa pomonella 
(L.), it soon became evident that a tre- 
mendous increase in the infestations of 
the woolly apple apid, Lriosoma lanigerum 
Hausm., was occurring (Yothers 1947). 
This aphid had been a serious pest in the 
Northwest, but after the introduction of 
its parasite, Aphelinus mali (Hald.) 
(Newcomer 1940), about 1930 it became 
of minor importance. 

Errecr or DDT on Woo.iy Apuip 
AND Its Parasire.—In 1944 and 1945 
the aphids became very numerous in 
apple trees sprayed experimentally with 
DDT (Newcomer et al., 1946) in the 
Yakima Valley of Washington. In 1946 
apple growers began the general use of 
DDT, but it was not universally employed 
that year. Some growers used it exclusive- 
lv, but many others sprayed with lead 
arsenate or cryolite throughout that 
season, as they had been doing, and still 
others changed over to DDT only during 
the latter part of the season. Realizing 
that here was an opportunity, which 
might not occur again, to obtain data on 
the effect of DD'T as compared with the 
other insecticides on the Aphelinus and 
the woolly apple aphid, we made records 
of the occurrence of both insects in a 
number of orchards sprayed in various 
ways. 

For each comparison records were 
taken in an orchard that was sprayed 
from one to three times with DDT, and 
similar records were taken in another 
part of the same orchard, or in a nearby 
orchard, where lead arsenate or cryolite 
had been used exclusively. The infestation 
was determined by the previously used 
method (Newcomer et al., 1946) of ex- 
amining the nodes, or leaf insertions, on 
the new growth and water sprouts. In this 
study 200 nodes on each of five trees 
were examined in each orchard, and the 
percentage of infested nodes was figured. 
This does not tell the complete story, as 
the colonies on the trees sprayed with 
DDT were usually large, but those on 


the other trees were small and many of 
the individual aphids had been  parasi- 
tized. However, it does show what hap- 
pened when DDT was used. The percent- 
age of parasitization was determined by 
an examination of 100 adult aphids on 
each of five trees. 

These examinations (Table 1) showed 
a marked contrast between the two types 
of spray schedules. On most trees sprayed 
one or more times with DD'T, parasitiza- 
tion was below 10 per cent and the in- 
festation ranged from 19 to 50 per cent. 
The only trees having a very high per- 
centage of parasitization were in’ two 
orchards that had been sprayed with DDT 
only once, late in the season, and much of 
this parasitization undoubtedly developed 
before the DDT was applied. On trees 
not sprayed with DDT parasitization 
ranged from 43 to 87 per cent, and in 
only two orchards was the infestation of 
woolly aphids over 10 per cent. The 
averages of these nine comparisons show 
a very high inverse correlation between 
the percentage of parasitization and the 
percentage of infestation. These obser- 
vations made it clear that not only was the 
DDT itself not controlling the woolly 
apple aphids, but it was killing the para- 
sites and was thus indirectly causing an 
increase in the aphids. In some of these 


Table 1.—Infestations of the woolly apple 
aphid and parasitization by Aphelinus mali in 
apple orchard blocks sprayed with DDT or with 
lead arsenate or cryolite. 


Leap ARSENATE 
OR CRYOLITE® 





DDT! (6 on 7 Covers) 
Com- - 

PARISON VARI- Woolly A phe- Woolly — A phe- 
No. ETY Covers Aphid — linus Aphid — linus 

num- per per per per 

ber cent cent cent cent 

1 Winesap - 3 50 2 16 87 

2 Delicious 3 21 7 9 70 

3. Winesap 3 19 ‘ 2 71 

4 Winesap 2 49 29 3 62 

5  Winesap 2 46 7 $ 62 

6 Delicious % 29 9 9 70 

7  Winesap 1 24 45 3 62 

8  Winesap 1 31 8 18 47 

9 Winesap 1 47 42 2 43 





1 Following 2 covers of cryolite in Nos. 5 and 6 and 3 or 
covers of lead arsenate or cryolite in Nos, 7, 8, and 9. 

2 Cryolite in No. 1, lead arsenate in Nos. 2-9, lead arsenate 
cover and cryolite 2 covers in No. 9. 
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Table 2.—Infestations of woolly apple aphids following applications of acaricides or other materials 
Yakima, Wash., 1947. 








Ni MBER OF ACARICIDE b on OrHER Matera Lear Nones Iyrestep 
\ pPLICA- - -— —_— - -_— 
riONS OF Applica- Wi inesap De lie i0US 
DDT Materi: " and 1 Quantity per 100 Gallons tions Ore hard Orchard 
4, 8°: Xi eit? Shae 2 Tb, stove pe: 1 pt., a ‘eollokd: il t, 33 2% 6% 
spreader 1.4 oz. 
1, 3 DN-111 0.33 to 1 Ib. 5, 3 
BHC (6% gamma) 2 Ib. 1 } tt 21 
BHC (6% gamma) 2 |b. and mineral oil 2 qt. } 
3 BHC (6% gemma) 2-4 Ib. 3,1 
z EPP (25%) 0.5 pt. > 5 15 
Parathion (15%) 0.25-0.5 lb. 2, 1 
3 TEPP (25%) 0.5 pt. 5 28 29 
3 Mineral oil 2 qt. 5 ~ 3 
3 DMC (25%) 1.5 pt. s 8 - 
It Bis( p-chlorophenoxy)-methane (40%) 2 Ib. 5 17 
r Toxaphene (50%) 1 pt. 5 13 





Unless otherwise indicated, 50 per cent DDT was used at 2 Ib. per 100 gallons in the first spray and at 1 |b. in the later sprays. 

1 Ib. in all covers. 

Winesap and Delicious orchards, respectively. 

In Delicious orchard only. 
orchards the aphids were so numerous _ the tests to learn their value for control- 
as to bother the pickers at harvest; and ling the woolly apple aphids (Table 2). 
they were probably a factor in reducing Xanthone, BHC used early and followed 
the size and color of the fruit, although * by parathion, and toxaphene all controlled 
heavy infestations of mites in many of the | the aphids very well. TEPP, late applica- 
orchards were also doing this, and no — tions of BHC, mineral oil, DMC, and bis 
determination of the part played by each — (p-chlorophenoxy)methane all failed to 
pest was possible. control the aphids when added to DDT. 

Errect OF Various ACARICIDES ON In 1948 and 1949 further tests of some 
Apuips.—In 1947 investigations were of these materials were made (Table 3). 
started in two orchards, one of Winesap An early application of BHC did a fair 
and the other of Delicious apples, to learn job of holding the aphids in check, and 
what acaricides could be used with DDT — toxaphene and parathion again controlled 
that would control orchard mites (New- them very well. Dinitrocapryl pheny! 
comer & Dean 1948), and also in most of | crotonate, lorol-2-thiazoliny! sulfide, and 


Table 3.—Infestations of woolly apple aphids following applications of acaricides or other materials, 
Yakima, Wash., 1948—49.! 





‘he ARICIDE OR OTHER M ATERIAL 
sea — ———_—_— — LEAF Nonas Inraersp 
~ Applies itions — ~——— — 
Material and Quantity _ ——_—_—_——_———_ - ‘Wine ‘sap De fie ‘ious 
per 100 Gallons Wine ‘sap “Deli ‘ious Orchard Orchard 


i xperiments in 1948 





BHC (12% gamma) 1 lb. I l 356 25% 
DMC (25%) 1 pt. 2 2 ‘ —o! 
Parathion (15%) 0.5 Ib. 2 3 5 17 
Toxaphene (50%) 1 pt. t 3 t 15 
Check - 73 73 
Experiments in 1949 
BHC (12% gamma) 1 |b I l 
DMC (25%) 1 pt. 3 2 1S os 
| 15%) 0.33 Ib. 3 Q2 7 
Parathion (15%) 1 lb. 3 l 5 
Toxaphene (50%) 1 pt. 2 2 19 17 
Winesap trees received 2 Ib. of 50 per cent DDT per 100 gallons in the first application and 1 Ib. in the others (three in 1948 


and two in 1949). Delicious trees received 2 Ib. in the first and 1 Ib, in the second, In some plots in the Delicious orchard an ad 
ditic 


mal application of acaricide was made without DDT, 
DDT 2 lb. in fourth application. 
No DDT. 
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Table 4.—Infestations of woolly apple aphids no aphids in the tops of the trees at that 
following applications of acaricides or other ma- time, Parathion, malathon, and_ tox:- 





ima 1. 
tor ala, Tale rns — __._—phene all prevented any great develop- 
" Pun Cunt ov Luar ment of aphids. CS—708 seemed to give 
Nopes Inrrstep iad _ + > hs . 
PaaS er Me _ good results in one or hard but not in 
AND QUANTITY PER 100 GaLLons! Winesap "Delicious the ot her, as did EPN. R-242 and Aramite 
, Experiments in 1950 evidently did not control the aphids. 
BHC (10% gamma) 1 Ib. (1 applic.) | 0 0 Tests made in 1951 (Table 4) showed 
Parathion (15%) 0.5 lb. (2 applic.) / “dey : abs seed 
Parathion (15¢;) 2 Ib. 0 0 definitely that neither CS-708 nor EPN 
I tho (48%) 1 a 0 2 i ° 
EPN (27% 0.5 1b. 13 0 can be expected to control woolly aphids. 
Toxaphene (40%) 3 Ib.? 2 l Good control resulted from parathion, 
CS-708 1 pt. 1 6 
BHC (10% gamma) 1Ib. (1. applic.) | i ‘ malathon, and metacide, the last two 
242 (50%) 2 Ib. (2 « f ; : ca 
aa 3 , used with methoxychlor instead of DDT. 
ee . or ‘ S rr la he) 
Parthion came oneerimemisin HET Summary.—The use of DDT on apple 
8 « 5%) O78 “4 ‘ e “a y . 
Parathion (157) 2 Ib 0 trees in the Pacific Northwest greatly in- 
J t (25%) 1 Ib. ) 0 . P ; ‘ 
Malathon (25%) 2 Ib? 1 0 creased the infestation of woolly apple 
<= cgrmnlh wy Tpga am b b. aphids, Eriosoma lanigerum Hausm. Re- 
Metacide (33%) 1 pt. 2 0 cords made in 1946 showed a very low 
) 10 


peta ia parasitization by Aphelinus mali (Hald.) 


1 The first application consisted of 2 lb. of 50 per cent DDT and a high infestation of aphids in or- 
pe 100 gallon in al plots in i980 and inthe frst two nots in Ghards sprayed with DDT, and a high 
the remaining plots. parasitization and correspondingly low 
2 No DDT or methoxychlor in second and third sprays. : : : . 
infestation of aphids in orchards sprayed 
with lead arsenate or cryolite. 
nabam were also tried, but none of them Tests of the effect of various insecti- 
was toxic to the aphids. Since the in- cides and acaricides on the woolly apple 
festation of aphids was very light in many — aphid, when added to DDT or methoxy- 
of the tests made in these and later chlor primarily for controlling orchard 
years, no record of parasitization was mites, are reported. Parathion, malathon, 
kept. and Metacide were very effective, but 
Early in February, 1950, four extremely TEPP and EPN were ineffective, Toxa- 
cold days in the Yakima Valley, with phene and xanthone controlled the aphids 
minimum temperatures of —21° to —25° very well, as did BHC if applied early in 
F., killed all woolly aphids above the the season. The following materials were 
snow line, and the infestation that year ineffective against the aphids: Aramite, 
was light. Although an early application — bis(p-chlorophenoxy)methane, —CS-708, 
of BHC was made in some plots (Table 4), dinitrocapryl phenyl crotonate, DMC, 
it is believed this had little effect on later —lorol-2-thiazolinyl sulfide, mineral oil, 
infestations, as there were practically nabam, and R-242. 
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CORRECTION 


The December issue of the Journal of Economic Entomology an- 
nounced on page 933 that the next meeting of the Pacific Branch would be 
held at Lake Tahoe, Idaho. This is an error since the Pacific Branch 
meetings will be held at Lake Tahoe, California, June 23, 24, and 25. 
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Factors Influencing Deposit of Spray Droplets 


A. H. Yeomans and E. E. Rogers, U.S.D.A., Agr. Res. Adm., 
Bureau of Entomology and Plant Quarantine 


Insecticide sprays can be applied either 
as space treatments or directly to surfaces 
for residual effect, or as a combination 
of both. It would be hazardous to breath 
the more toxic insecticides if applied as 
space sprays. In such cases insects may be 
controlled by applying small quantities 
of these toxie insecticides as residual 
sprays with equipment that produces a 
wide-angle, low-volume = spray. Not 
enough attention has been given to se- 
lecting the proper equipment and method 
of applying such sprays. For example, 
recently in testing some liquefied-gas 
dispensers for applying an insecticide too 
toxic for use in a space spray, we found 
that less than half the nonvolatile material 
was deposited on a vertical wall surface 
12 inches from the dispenser. The remain- 
ing portion consisted of small particles 
that drifted off in the air. Such particles 
in practice could settle on foodstuffs or 
be inhaled. We therefore investigated the 
basic requirements for applying insecti- 
cides as residual sprays to establish 
standards for their application to prevent 
occurrences of this sort. 

CHARACTERISTICS OF SPRAYS APPLIED 
with DirFERENT KINDs OF ATOMIZERS.— 
Equipment for applying residual sprays 
should be selected on the basis of its abil- 
ity to deliver the desired amount of spray 
and deposit it uniformly and to the great- 
est degree on the surface being sprayed. 

The rate of delivery to give a desired 
deposit is dependent upon the following 
factors: 

(1) The concentration of the insecticide 
in the formulation. It is most efficient to 
use as high a concentration as practicable. 

2) The amount of spray that fails to 
deposit on vertical surfaces or the under- 
sides of horizontal surfaces such as ceil- 
ings or shelves. 

3) The speed of movement of the 
spray outlet parallel to the surfaces being 
sprayed. 

t) The swath width. 

To obtain maximum deposit, the equip- 
ment should atomize the liquid to the 
proper particle size and release it with 
sufficient velocity to deposit as many as 
possible of the droplets on the surface 
spraved. 


~ 


The degree of atomization depends on 
the amount of energy and its efficiency of 
application in relation to the quantity 
and physical characteristics of the liquid. 
In air and steam atomizers, including mist 
blowers, the energy is applied by a mov- 
ing gas coming in contact with a relatively 
stationary liquid. The friction between 
the two draws the liquid out in filaments 
in which unstable waves are formed, 
which then collapse into droplets. In 
liquid-pressure atomizers, including the 
liquefied-gas type, the friction between 
a moving liquid and a relatively stationary 
gas results in droplet formation. In both 
cases the droplet size depends on the 
relative velocities of the liquid and the 
gas. The greater the pressure on the 
liquid, air, or steam the greater is its 
velocity and therefore the smaller are the 
spray droplets. 

The efficiency in using energy for 
atomization depends on the quantity of 
gas that contacts the liquid. Liquid- 
pressure atomizers that release the liquid 
in small quantities at a wide spray angle 
utilize the energy most efficiently, pro- 
ducing the smallest possible droplets for 
the pressure used. Air and steam atomiz- 
ers are most efficient when the moving 
air or steam in sufficient volume completely 
surrounds the liquid and makes maxi- 
mum surface contact. 

It is possible to atomize the liquid into 
droplets too small to have sufficient 
momentum to deposit on the surface. This 
is especially true of a liquid that contains 
a large percentage of highly volatile ma- 
terial, such as liquefied gas, which evap- 
orates after atomization takes place, 
leaving droplets of much reduced size. 

To deposit on a surface, spray drop- 
lets must have sufficient momentum not 
only to carry them the required distance 
but to enable them to penetrate the air 
stream carrying them when it is deflected 
by the surface. All sprays, including the 
liquid-pressure type, generate an air 
stream that moves with the droplets. The 
momentum of the droplets increases with 
either their size or their velocity. Small 
droplets must move fast to have sufficient 
momentum to penetrate the air cushion 
formed when the air stream is deflected 
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in front of objects. Since their velocity 
decreases rapidly with the distance from 
the nozzle, it is important that the spray- 
ing distance be well within the limits in 
which the droplets have sufficient momen- 
tum to deposit. The distance to which a 
droplet can penetrate still air can be com- 
puted by the formula 


pV 
tae 
18 N 


where 
S=stopping distance, in centimeters 
d=diameter of droplet, in centimeters 
p=density of droplet, in grams per 

cubic centimeter 

velocity of droplet, in centimeters 

per second 

N= viscosity of air, in poises 


y 


If a droplet 10 microns in diameter is 
projected at a velocity of 5000 centimeters 
per second into still air, the viscosity of 
which is 1.8 10~ poises, it will penetrate 
1.54 centimeters. A droplet 50 microns in 
diameter will penetrate 38.6 centimeters 
and a 100-micron diameter droplet 1.54 
meters. 

It can be seen that, when taken in- 
dividually, the smaller droplets have very 
short penetrating distances in still air 
even at high velocities. However, when 
a large number of droplets are shot into 
the air, an air stream in the direction of 
the spray is quickly generated which 
greatly extends the projection of the 
spray. The amount of material leaving the 
atomizing device, its velocity, and spray 
angle determine how much of an. air 
stream is generated, 

Other factors that influence the pro- 
jection of the spray are cross air currents, 
the rate of movement of the nozzle parallel 
to the surface being sprayed, and_ the 
direction of spraying in relation to grav- 
itv. The size of the object sprayed will 
also influence the efhiciency with which a 
spray deposits. Large objects create a 
deep air cushion when the spray air 
stream is deflected. The droplets must 
penetrate this air cushion to deposit. 

Test Procepurre.—We have set up a 
simple test procedure to study the de- 
posits of various sprays. 

We determine the droplet size by ex- 
posing a coated microscope slide in the 
spray as it is directed downward using the 
waved slide method described by Yeo- 
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mans (1949). For coarse sprays it is 
best to shield the slide from all but a 


small portion of the spray. We do this by 
cutting a slot about 0.5 inch wide by 3 
inches long in a large piece of corrugated 
cardboard and then spraying downward 
on the cardboard while passing the slide 
across under the slot. 

We determine the percentage of spray 
material deposited by spraying agains! 
a large flat piece of absorbent paper, 
which is weighed before and after spray- 
ing under conditions such that the mois- 
ture content will not materially change. 
We use building paper cut into squares 
30 inches on a side. For weighing we roll 
and insert it into a wire ring 5 inches in 
diameter suspended from a balance. For 
spraying we fasten it with four pinch 
clamps to a piece of flat corrugated card- 
board and place it in the desired position. 
We spray both horizontally and upward 
against the paper to determine the maxi- 
mum distance at which the spray will de- 
posit satisfactorily. We usually spray at 
least 15 grams of liquid for each test. 
Highly volatile liquids, such as liquefied 
gases, which completely volatilize before 
reaching the surface, are not included in 
our computations for deposit. The effects 
of movement of the nozzle or cross air 
currents can be observed in this method. 

For liquid-pressure spraying it is con- 
venient to use a cylinder filled with carbon 
dioxide to furnish the pressure. A pressure 
reguiator maintains any desired 
pressure on the liquid. The liquid is 
placed in a graduated glass cylinder with 
a gage that can be read to a fraction of a 
milliliter and of sufficient strength to 
withstand the pressure. This cvlinder can 
be easily refilled from a large supply tank. 
There is quick cut-off valve close to the 
nozzle. 

Resutts.—A number of nozzles were 
tested by this method. All types of nozzles 
were found to deposit the spray on a sur- 
face in a similar manner, and nozzles 
that were pointed downward deposited 
the spray readily. Some of the very large 
droplets with great momentum splat- 
tered off, and some of the smaller droplets 
were deflected with the air stream of the 
spray, but unless there was a cross air 
current all the splattered or deflected 
droplets quickly settled out on the sur- 
face. 

The same nozzles deposited less spra) 
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Table 1.—Spray deposits on a vertical wall surface when released at different distances from a 


stationary liquid-pressure atomizing nozzle. 





PRESSURE 


Deposit at INDICATED DISTANCE 
FROM SURFACE 


PouNDS Drop.Let DIAMETER —— 
PER OurTeutT --- os Inches 
SQUARE PER SPRAY Maes --= - —- 
INCH MINUTE ANGLE Median Maximum 24 18 12 
pen degrees microns microns percent — percent per cent 
Flat Sprays 
100 0.24 60 146 240 72 77 83 
0.16 90 92 210 60 66 SO 
0.062 90 38 140 $8 61 80 
50 0.165 52 177 300 73 SO 82 
0.11 $2 108 210 57 75 83 
0.044 77 92 220 46 66 82 
Hollow-Cone Sprays 
100 0.033 71 80 190 31 44 66 
0.29 68 140 270 65 S4 90 
50 0.023 57 85 300 40) 60 79 
0.21 63 160 270 63 $2 9] 





when directed toward a vertical wall. Ex- 
cept for heavy sprays which spatter ex- 
cessively when too close, the amount 
deposited decreased gradually with in- 
creasing distance from the wall until about 
75 per cent of the spray was deposited, 
and then a more rapid decrease. We found 
that to obtain the maximum deposit 
enough solution must be released for the 
spray to generate an air stream from the 
nozzle to the surface. For example, a 
liquid-pressure nozzle deposited 84 per 
cent of the spray on a vertical wall 12 
inches away when left stationary while 
spraying long enough to generate its air 
stream fully. When only a small quantity 
of liquid (less than 10 ml.) was released 
from the nozzle, the deposit at this dis- 
tance dropped to less than 70 per cent. 
When the nozzle was moved parallel to 
the surface at the rate of 60 feet per min- 
ute or slower, the deposit was the same as 
When it was stationary. 

Other factors were found to influence 
the deposit from liquid-pressure nozzles 
on vertical wall surfaces. The distance at 
Which 75 per cent or more of the spray 
deposited was always greatest with the 
sprays of largest droplet size. The spray- 
ing distance was also increased with a 
reduction in the spray angle and an in- 
crease in liquid output. The type of spray 

whether flat, hollow-cone, or solid-cone 

did not seem to influence the deposit. 
When the pressure was reduced from 100 
to 50 pounds per square inch, the increase 
in droplet size and the reduction in spray 
angle gave a slightly greater deposit. Some 


examples of the proportion of droplets 
depositing on a vertical surface when re- 
leased from a stationary liquid-pressure 
atomizing nozzle are given in table 1 

Sprays from an air-atomizing nozzle 
were found to have characteristics similar 
to those from the liquid-pressure type 
except that the air aids the deposit of the 
spray droplets. The larger the air output, 
as determined by the size of the aperture, 
the greater the distance at which 75 per- 
cent or more of the spray deposited, 
other factors were equal. On the other 
hand, an increase in air pressure without 
change in size of the air aperture, there- 
fore increasing velocity, was found to de- 
crease the droplet size enough to decrease 
the deposit. Some examples of the pro- 
portion of spray droplets depositing on a 
vertical surface when released from a sta- 
tionary air-atomizing nozzle are given in 
table 2. 

Table 2.—Spray deposits on a vertical wall sur- 


face when released at different distances from a 
stationary air-atomizing nozzle. 





Deposit at INDICATED 


PRESSURE, DropLet DISTANCE FROM SURFACE 
PouNpDs PER DIAMETER 
SQuARE INCH Inches 
Mass Maxi- 
Air Liquid Median mum 24 Is 12 


microns microns percent percent percent 


10 0 50 150 65 75 83 
30 0 35 70 +6 60 70 
70 0 20 50 30 33 38 
15 5 150 500 80 83 86 
20 5 85 250 59 71 81 





All nozzles that were tested when 
pointed upward against a_ horizontal 
ceiling showed a great reduction in the 
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rate of deposit. Air- and liquid-pressure 
nozzles that deposited 85 per cent of the 
spray when directed against a vertical 
surface 18 inches from the nozzle de- 
posited only about 65 per cent of the 
spray when directed upward at the same 
distance. The effect of gravity makes it 
necessary to reduce the distance consid- 
erably when spraying a ceiling as com- 
pared to spraying a vertical surface. 

APPLICATION OF THE ResuLts.—For 
applying residual sprays one should first 
select a nozzle giving the widest practical 
swath, with output sufficient to permit the 
most rapid movement parallel to the sur- 
face to be sprayed. The second objective 
should be to obtain the maximum deposit 
on the surface. For each type of nozzle 
there is a critical distance from the sur- 
face to be sprayed beyond which the rate 
of deposit decreases rapidly. Therefore, 
the first objective must be modified by the 
limitations imposed by the second. The 
third objective is to reduce to a minimum 
the drift of particles that do not deposit 
on the surface being sprayed. 

The following factors must be con- 
sidered: 

(1) The distance between the nozzle 
and the surface being sprayed should be 
no greater than will permit 75 per cent or 
more of the material to deposit. This dis- 
tance should be determined for each type 
of nozzle when spraying against a vertical 
surface and a ceiling. This determination 
should be made for each type of formula- 
tion and spraying pressure used. This dis- 
tance is dependent on the spray-droplet 
momentum, on which droplet size has a 
greater influence than velocity. For ex- 
ample, at 18 inches from the surface a 
nozzle that produced droplets with a 
mass median diameter of 177 microns at 
50 pounds’ pressure on the liquid de- 
posited 80 per cent compared with 66 
per cent from particles with a mass median 
diameter of 92 microns at 100 pounds’ 
pressure. This distance also increases 
with an increase in output of material and 
with a decrease in spray angle. 

(2) The drift from small droplets should 
be at a minimum. Tests reported by Yeo- 
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mans (1951) showed wide lateral disper- 
sion of sprays below 50 microns mass 
median diameter. For this reason all 
residual sprays should be composed of 
droplets with mass median diameter of 50 
microns or larger. 

SummMary.—The performance require- 
ments for applying residual sprays to 
accomplish the best deposition and least 
contamination of surrounding air were 
studied. As a background of this work, 
some of the basic factors influencing the 
behavior of spray droplets and their dep- 
osition on surfaces are discussed. 

The test procedure consisted in deter- 
mining (1) droplet size by collecting a 
sample on a glass slide and measuring the 
droplets under a microscope and (2) the 
percentage of deposit from measured 
amounts of sprays by spraying against 
absorbent paper and weighing the deposit. 

The deposits from a number of typical 
nozzles were determined. All types were 
found to deposit the spray on a surface 
in a similar way. 

From sprays directed downward prac- 
tically all the droplets were deposited. 

From sprays directed horizontally to- 
ward a vertical surface the amount of 
deposit was in inverse proportion to the 
distance between nozzle and surface. The 
deposit decreased gradually with the 
distance until a point of about 75 per cent 
deposit was reached, and then dropped 
off rapidly. The deposit was greater when 
enough spray was released to generate an 
air stream in the direction of the spray. 
The distance at which 75 per cent or 
more of the spray deposited was greater 
with larger droplets, narrowed spray 
angle, or greater output. 

In sprays directed upward, the effective 
distance between nozzle and surface was 
greatly decreased. 

The results demonstrate (1) that the 
distance between nozzle and surface must 
be limited to that which will permit 75 
per cent or more of the spray to deposit; 
and (2) that the mass median diameter 
of the droplets should be 50 microns or 
above to reduce to a minimum the drift 
from the undeposited spray. 
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Immunity of Dacus cucurbitae to Attack by 
Certain Parasites of Dacus dorsalis' 


T. Nisuipa and Frank Haramoro,? Agricultural Experiment Station, Honolulu, Hawaii 


As a result of an intensive search for 
natural enemies undertaken by various 
cooperating agencies (Carter 1950) to 
combat the oriental fruit fly, Dacus 
(Strumeta) dorsalis Hendel, a number of 
parasites have been introduced into the 
Hawaiian Islands. During the period ex- 
tending from June 1948 through Septem- 
ber 1950, a total of 6,000 adult parasites 
of various species were received in Hono- 
lulu (Clancy et al., 1952). Not all of these 
became established; however, field studies 
have indicated that some showed great 
possibilities (Bess et al., 1950; van den 
Bosch et al., 1951). 

An interesting question concerning 
these introduced parasites is whether they 
are capable of parasitizing the three fruit 
flies, Dacus (Strumeta) dorsalis Hendel, 
Dacus (Strumeta) cucurbitae Coq., and 
Ceratitis capitata Wied., now present in 
the territory. The highly efficient per- 
formance of Opius longicaudatus (Ashin.), 
Opius sp.,> O. incisi Silv., and O. oophilus 
Full. against D. dorsalis has been reported 
by Bess et al. (1950) and by van den Bosch 
et al. (1951). The question was soon raised 
as to whether these parasites would also 
attack C. capitata. This question was a 
controversial one and remained unsettled 
for a time, due largely to the difficulty of 
distinguishing C. capitata from D. dorsalis 
in the immature stages. That these para- 
sites of D. dorsalis do parasitize C. capi- 
fata was later shown by Clancy in 1952. 
By exposing eggs and larvae of C. capitata 
and D. dorsalis from pure laboratory cul- 
tures to natural parasite populations, he 
obtained parasitization of both flies by 
the same species of parasites. 

It was of interest, therefore, to study 
whether the parasites of D. dorsalis would 
also parasitize D. cucurbitae. The present 
paper is an outcome of such a study. More 
specifically, it deals with the immunity 
of D. cucurbitae to parasitization by cer- 
tain established parasites of D. dorsalis. 

ProcepURE.—Previous reports (Pem- 
berton 1950; Nishida 1950), as well as 
subsequent observations showed that both 
Dacus dorsalis and D. cucurbitae may be 
found together in the vicinity of various 
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cultivated crops. To obtain data on the 
overlap in the distribution of the two flies 
and also on the extent of parasitization, 
samples consisting of infested tomato, 
melon, and papaya fruits were taken 
from Waianae, Manoa Valley, and 
Waimanalo from areas where adults of 
the two flies were present. In collecting 
samples an attempt was made to obtain 
fruits containing predominantly second 
and third instar larvae. These fruits were 
brought into the laboratory where they 
were kept in suitable containers until 
the larvae pupated and the adults 
emerged. Records were then taken of the 
number of flies of the respective species 
and also the number of parasites that 
emerged. Initially, each fruit was kept in a 
separate container; however, it was soon 
found that both species emerged from the 
same fruit, and subsequently several 
fruits were kept together in one container. 
To obtain host material for parasitiza- 
tion studies in the laboratory, small, 
ripe Solo papaya fruits were placed in 
cages containing laboratory cultures of 
Dacus cucurbitae. After eggs were de- 
posited and when the host was in a suita- 
ble stage for parasitization, the infested 
papaya fruits were placed in cages con- 
taining laboratory cultures of parasites 
for a period of 2 to 3 days. After exposure 
to the various parasites, the fly larvae 
were dissected out of the papaya fruit 
and divided into two groups. One group 
was used to determine the extent of para- 
sitization by dissection and the other by 
rearing. All rearings were made using 
papaya medium and according to the 
method described by Newell et al. (1951). 
In experiments with Opius oophilus, the 
eggs of D. cucurbitae were dissected out of 
the papaya fruit and were placed on moist 
blotting paper in petri dishes until they 
hatched. The larvae were then transferred 
to the rearing medium. 
Resutts oF Fie_p Stupies.—There is 
1 Published with the approval of the Director of the Hawaii 
Agricultural Experiment Station as Technical Paper No. 271. 
2? The authors are indebted to H. A. Bess, Walter Carter, 
C. E. Pemberton, and I. M. Newell for suggestions and criti- 
cisms. 
3 This parasite was formerly referred to as Opius persulcatus 


Silv., but at present is known as Opius vandenboschi Full. (Full- 
away, D. T., 1952. Hawaii, Ent. Soc,, Proc.) 
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a distinct difference in the type of habitat 
occupied by adults of Dacus cucurbitae and 
D. dorsalis. The habitat of the former 
species generally consists of low, succu- 
lent, herbaceous vegetation in the vicinity 
of cultivated areas. On the contrary, the 
habitat of D. dorsalis usually consists of 
relatively tall trees and shrubs such as 
mango (Mangifera indica L.), guava 
(Psidium guajava L.), banana (Musa sp.), 
and kamani (Terminalia catappa_ L.). 
Although the occurrence of the two spe- 
cies together in numbers is not common, 
areas were found in which adults of both 
species were observed in vegetation fa- 
vored by D. cucurbitae. The proportion 
of the respective flies bred from various 
fruits collected from these overlap areas 
is presented in table 1. It shows a con- 
siderable variation in the proportion of 
D. cucurbitae between samples; however, 
itis evident that both species may co-exist 
in a common habitat in the adult as well 
as in the immature stages. 

If paras:tes of Dacus dorsalis are cap- 
able of developing in D. cucurbitae, these 
overlap areas would be the most fertile 
place for cross-parasitization to occur. 
The data obtained by sampling larvae 
from such areas presented in Table 1 
show that no parasites were obtained 
from the majority of the samples although 
larvae of both flies were present. Para- 
sitized larvae were found only among 
samples obtained from papaya from which 
only D. dorsalis emerged. No parasites 
were obtained from papaya fruit from 
which D. cucurbitae was reared. All the 
parasites were Opius oophilus, an effective 
egg-larval parasite of D. dorsalis (van 
den Bosch et al., 1951). 

To check further whether Opius oophi- 
lus was emerging from Dacus cucurbitae 
as well as from D. dorsalis, puparia were 
obtained from larvae reared from field- 
infested papaya fruits. The puparia of 
the two fruit flies were separated on the 
basis of differences in pupal characters as 
reported by Hardy (1949). Puparia thus 
separated were held in’ separate jars 
until emergence. Of a total of 221 adults 
that emerged, 33 were D. cucurbitae and 
188 D. dorsalis. The parasitization of D. 
dorsalis by O. oophilus was 15.7 per cent. 
No. parasites were obtained from D. 
cucurbitae. As O. oophilus was the only 
parasite encountered, no information con- 
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cerning other parasites was obtained from 
these samplings. 

Other collections of Ducus cucurbitae 
made at montly intervals during 1951 
also failed to vield any parasites known to 
parasitize D. dorsalis. Furthermore, oc- 
casionally various opiines were observed 
in the field ovipositing in punctures made 
by D. cucurbitae in fruits of Momordica 
balsamina L. Larval collections from such 
fruits yielded only Opius fletcheri Silv. 
and a few Tetrastichus giffardianus Silv., 
both of which are long-known_ parasites 
of D. cucurbitae. 

Resutts OF LABORATORY STUDIES. 
Additional laboratory work was carried 
out to throw more light on the results ob- 
tained in the field as the field data did 
not yield the desired information. In the 
laboratory Dacus cucurbitae in its suitable 
stage of development for parasitization 
was exposed to six species of Optus known 
to be established in the territory. The list 
of parasites studied and the results ob- 
tained are presented in table 2. 

When eggs of Dacus cucurbitae were 
exposed to Opius oophilus, egg deposition 
took place but none of the parasites de- 
veloped. It was also found that egg mor- 
tality of D. cucurbitae was considerably 
greater among eggs exposed to the para- 
site than among those unexposed. In one 
experiment, egg mortality in the exposed 
group of eggs was 80 per cent as compared 
to 24 per cent in the control group, where- 
as in another, egg mortality was 20.9 
per cent in the exposed group and 7.7 
per cent in the control. Dissection of eggs 
exposed to QO. oophilus which failed to 
hatch showed that the majority contained 
small developed but dead fly larvae. These 
dead fly larvae contained newly hatched 
but dead parasites, whereas others con- 
tained only parasite eggs. In the control 
group of eggs that failed to hatch, dead 
host larvae were not found in large num- 
bers. Dissection of a few living first instar 
host larvae from eggs exposed to 0. 
oophilus showed the presence of living 
parasite larvae. However, dissection of 
the third instar larvae revealed the pres- 
ence of half-grown dead parasite larvae, 
showing that the parasite developed for a 
time before it succumbed. For the purpose 
of comparison it might be of interest to 
mention here that, when eggs of D. dorsalis 
were exposed to O. oophilus, egg mortality 
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Table 1.—Parasitization and the proportion of 
of Dacus cucurbitae and D. dorsalis in areas 
where there was an overlap in the distribution of 
the two fruit flies. 








PERCENTAGE 





ToraL ADULTS 

Firs —————-——__ No. or 

SAM- OF Dacus Para- 

PLE Host Born cucur- Dacus SITES 

No. Fruit Species’ bitae dorsalis EMERGED! 

1 melon 62 98.3 ‘7 0 
g 37 97.2 ¢.s 0 
$ 216 99.5 0.5 0 
f tomato 27 63.0 37.0 0 
5 29 37.9 62.1 0 
6 50 26.0 74.0 0 
7 48 25.0 75.0 0 
8 17 70.6 29.4 0 
9 24 45.8 54.2 0 
10 12 100.0 0.0 0 
1] 23 52.2 17.8 0 
12 4 100.0 0.0 0 
13 10 50.0 50.0 0 
14 papaya 95 100.0 0.0 0 
15 137 100.0 0.0 0 
16 107 100.0 0.0 0 
17 216 99.5 0.5 0 
18 98 100.0 0.0 0 
19 66 100.0 0.0 0 
20 94 100.0 0.0 0 
21 54 94.4 5.6 0 
22 49 0.0 100.0 0 
23 115 0.0 100.0 0 
24 36 Bed $88.9 t 
25 24 0.0 100.0 9 
26 2] 0.0 100.0 6 
Q27 19 0.0 100.0 8 
28 21 4.8 95.2 6 
29 79 26.6 73.4 22 
30 92 13.0 $87.0 $2 
3 30 3.83 96.7 2 
32 127 11.8 88.2 0 
33 138 13.0 87.0 0 
34 152 §.3 94.7 29 





! Opius oophilus was the only parasite obtained. 


to the extent noted in D. cucurbitae was 
not observed. 

Dacus cucurbitae larvae exposed to other 
parasites, namely Opius vandenboschi, O. 
longicaudatus, O. incisi, and Opius No. 
2,4 failed to yield any parasites although 
dissections showed that egg deposition 
had taken place. Dissections of larvae 
exposed to these parasites for oviposition 
showed that the parasites within the host 
generally died in the egg stage. Newly 
laid eggs of these parasites when dissected 
out of the host were pearly white and 
turgid. However, after being in the host 
for 2 to 4 days, they lost their turgidity, 
assumed a brownish color, and became 
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Table 2.—Results obtained when Dacus cucur- 
bitae was exposed to various parasites for para- 
sitization. 








DETERMINED BY STAGE 


PARASITIZATION 
DIssEcTION REARING or Host 
- - - ExposED 
Num- Per Num- Per To Para- 
PARASITE ber Cent ber Cent SITE 
Opius oophilus 63 23 62 0 egg 
O. vandenboschi 44 13 50 0 larval! 
O7 incisi 100 8 200 0 larval 
O. longicaudatus 40 11 40 0 larval 
O. fletcheri? 60 30 110 19 larval 
New Caledonia® 
(Opius No.2) 45 33 45 0 larval 





‘ Second and third instar larvae used. 

2 Parasite of D. cucurbitae. 

3 Parasite whose specific name is uncertain. 
encysted. Frequently, these dead eggs 
were clearly visible in the anterior and 
posterior regions of the host larvae 
through the translucent integument. 

Discussion.—It has been shown that 
none of the established parasites of Dacus 
dorsalis studied is capable of develop- 
ment in D. cucurbitae even though the 
parasites oviposited quite readily in both 
species. Parasite mortality generally, 
though not always, occurred in the egg 
stage, either in the egg or larval stage of 
the host. Furthermore, dead parasites 
were generally phagocytosed in the case 
of the larval paras.tes; however, in the 
case of the egg parasite, Opius oophilus, 
when the majority of the parasites died 
in the egg of the host, phagocytosed indi- 
viduals were not observed. 

The work carried out by previous work- 
ers on Dacus cucurbitae also indicates that 
D. cucurbitae is immune to parasitization 
by other fruit fly parasites. The first men- 
tion of the difficulty in rearing parasites 
from D. cucurbitae larvae appeared in a 
report made by Kotinsky in 1909. Ac- 
cording to his report several fruit fly para- 
sites were sent to Honolulu from Australia 
by George Compere. These parasites 
were Tetrastichodes sp., an “Ichneumonid 
fly.” and Apodesmia sp. When D. cucur- 
bitae larvae were exposed to these para- 
sites, none of them developed in this host. 
The immunity of D. cucurbitae to para- 
sitization by the parasites of C. capitata 
was also reported by Pemberton & Wil- 
lard in 1918. They attempted to obtain 
parasitization of D. cucurbitae with Dia- 
chasma tryoni Cam., D. fullawayi Silv., 
Opius humilis Silv., and Tetrastichus 
giffardianus Silv. Dacus cucurlitae ex- 


‘A longicaudatus type of Opius from New Caledonia whose 
specific name is uncertain, 
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hibited immunity to all of these para- 
sites except T. giffardianus, which de- 
veloped only if Opius fletcheri had pre- 
viously deposited eggs in the same larva. 
They also noted that parasite mortality 
occurred in the egg stage and was associ- 
ated with phagocytosis. 

The relative resistance to parasitization 
exhibited by the fruit flies present in 
Hawaii is indicated by the size of the 
parasite fauna of the three principal 
species of flies. In comparison with Cera- 
itis capitata and Dacus dorsalis, D. 
cucurbitae has comparatively few para- 
sites in Hawaii although considerable 
efforts have been made to obtain para- 
sites of the three fruit flies from various 
parts of the world. It might be speculated 
that the poor parasite fauna of D. cucur- 
bitae might be due to the inherent resis- 
tance of the fly to parasitization. 

The cause of egg mortality of Dacus 
cucurbitae resulting from the oviposition 
of Opius oophilus is not clearly under- 
stood. As dead D. cucurhitae larvae with 
eggs of O. oophilus within them were 
found in unhatched eggs of the host, 
it seems probable that mortality was 
caused by the female parasites. The injec- 
tion of toxic substances by the female into 
the host at the time of oviposition, as 
postulated by Pemberton & Willard 
(1918) in the case of O. fletcheri, might 
account for such mortality. 

The mortality of Dacus cucurbitae 
caused by Opius oophilus might be of 
significance from an ecological standpoint 
as it undoubtedly constitutes a mortality 
factor added to the environment as the 
result of the introduction of a parasite 
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species of another host. It is possible that 
in the field particularly in the overlap 
areas such as in papaya groves, this para- 
site might be destroying not only D. 
dorsalis but D. cucurbitae as well, even 
though it cannot survive in the latter 
host. 

SumMAry.—While in general the habi- 
tats of Dacus cucurbitae and D. dorsalis 
are distinct, certain areas were found in 
which there was an overlap in the distri- 
bution of the two flies. Larval collections 
made from these areas showed consider- 
able variation between samples in the 
proportion of the two flies; however, it was 
evident that these flies may co-exist in 
the same habitat in both the adult and 
larval stages. 

Rearings made of larvae collected from 
these overlap areas yielded only Opius 
oophilus, an egg-larval parasite of Dacus 
dorsalis. There was no evidence that this 
parasite was emerging from D. cucurbitae 
in the field. 

Laboratory studies on Opius oophilus 
showed that this parasite oviposited in 
eggs of Dacus cucurbitae; however, it failed 
to develop in this host. The hatchability 
of D. cucurbitae eggs exposed to para- 
sitization by O. oophilus was less than 
those unexposed. No evidence of phago- 
cytosis was noted among eggs of this 
parasite within the egg of D. cucurbitae. 

Other parasites studied in the labora- 
tory, namely, Opius longicaudatus, O. 
incisi, O. vandenboschi, and Opius No. 2, 
oviposited in the larvae of Dacus cucurbi- 
tae; however, the eggs of these parasites 
were attacked by phagocytes, and failed 
to develop. 
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Establishment of a Root Borer and a Gall Fly 
for Control of Klamath Weed! 


J. K. Hotuoway,? U.S.D.A., Agr. Res. Adm. Bureau of Entomology and Plant Quarantine, 
and 
C. B. Hurraker, Division of Biological Control, University of California 


The biological control of Klamath 
weed (St. Johnswort), Hypericum perfora- 
‘um L., by use of imported insects has 
given very promising results in California. 
Holloway & Huffaker (1951) reported the 
general progress of the program and the 
role played by the dominant leaf-feeding 
beetle, Chrysolina gemellata (Rossi). Huf- 
faker (1951) published data on the vegeta- 
tional changes associated with the removal 
of the weed from specific areas by the leaf- 
feeding beetles. The results offer en- 
couragement that other weeds will not be 
likely to offset the advantages derived 
from this program. As a part of the in- 
vestigations on the control of this weed, 
two other insects were recently imported 
from Europe and have become estab- 
lished, the buprestid root borer, Agrilus 
hyperict (Creutzer), and the cecidomyiid 
gall fly, Zeuxidiplosis giardi (Kieff.). 

The collection of these two species in 


Europe and their shipment to this country 
in 1950 were made possible through the 
joint efforts of H. L. Parker, of the Bureau 
of Entomology and Plant Quarantine, and 
Frank Wilson,? of the Commonwealth 


Scientific and Industrial Research Or- 
ganization of Australia.* 

Both species have shown a capacity 
for destroying the weed. Their importa- 
tion was considered desirable because of 
the diversity of ecological conditions un- 
der which the weed thrives in this coun- 
try. It seemed unlikely that the leaf- 
feeding beetles would effect maximum 
control throughout the entire distribution 
of the weed, and that, undoubtedly, these 
other insects would supplement those al- 
ready shown to be effective over a con- 
siderable range of conditions. 

Wilson’s (1943) studies in Europe on 
the ecology of these two species indicated 
their potentialities. Agrilus hyperici is 
found throughout Europe from the Med- 
iterranean to Latvia, but is far more 
numerous in southern Europe. Zeuxidiplo- 
sis giardi may be regarded as a southern 
and central European insect, having been 
reported from Portugal, Italy, France, 
Germany, and England. 
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Roor Borer.—Handling of material 
and establishment of colonies.—Holloway 
(1948) referred to the first shipments of 
this insect, which were received in 1944 
from the Council for Scientific and In- 
dustrial Research.* He also explained the 
necessity for delaying further investiga- 
tions on it until material would be avail- 
able from Europe. In 1947 adequate ma- 
terial was received from the Bureau’s 
Foreign Parasite Introduction Laboratory 
in Europe for completion of the necessary 
hostplant tests. It was not until 1950, 
however, that large shipments were re- 
ceived and conditions were in readiness 
for releases in this country. These insects 
were shipped as mature larvae in Hyperi- 
cum roots, which were packed for transit 
in moist Sphagnum. Upon arrival, the 
roots were placed in emergence cages on 
a layer of moistened absorbent cotton. 
Emergence was good, although no attempt 
was made at special orientation in placing 
the plant material. , 

Single colonies were liberated in May 
1950 in Placer and Shasta Counties. Ob- 
servations during the following two win- 
ters proved that the insects had become 
established in both localities. 

Life history of borer and growth phases of 
host plant.—TVhe requirement of syn- 
chronization of this insect with the growth 
of its plant host is not so critical as that 
of the leaf-feeding Chrysolina beetles. 
Except during the short period of adult 
activity in June and July, the insect is 
secure in large measure from the adversi- 
ties of summer drought and the particular 
periodicity of the moisture pattern. The 
exact timing of the fall rains and the 
associated temperatures and plant growth 
are not of such crucial moment for this 
borer so long as they do not kill the peren- 
nial weed host in which it is secluded. 
Whether the adults emerge early in June 


1 This is a cooperative project between the U. S. Bureau of 
Entomology and Plant Quarantine and the California Agricul- 
tural Experiment Station. ; 

2 Also specialist in biological control, University of California. 

3 The expenses of collecting by Mr. Wilson were defrayed by 
the University of California, Division of Biologice] Control. 

4 Now the “Commonwealth Scientific and Industrial Research 
Organization of Australia.” 
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or some time in July seems of little con- 
cern. Conditions at that time are not 
critical, as there is an abundance of suit- 
able foliage, and temperature and mois- 
ture are favorable for adult activity. ‘Lhe 
young larvae burrow early into the root 
crown and feed until they become full 
grown, and then prepare for hibernation 
early in the winter. There is a single gen- 
eration per year. 

Nature of plant injury:—In California 
this root borer has destroved many in- 
dividual Klamath weed plants and has 
thinned out rather dense stands. The roots 
are often so completely destroyed that the 
plants die. Complete control of the weed, 
even in local spots, has not been accom- 
plished up to this time, but just what may 
result after several years in the same area 
is vet to be learned. Observations have 
indicated that in an extant weed popula- 
tion from 40 to 80 per cent of the plants 
may be destroyed during a single season. 
The strength of this insect as a flier may 
give it an advantage at very low weed 
densities. Wilson (1943) considered it the 
most important natural control factor in 
southern France, even surpassing the 
leaf-feeding Chrysolina beetles. 

Methods of distribution—Very close 
Observations must be made of existing 
colonies in order to ascertain the proper 
time for collecting adults by sweeping 
before they disperse so widely that col- 
lecting is made very difficult and time- 
consuming. Releases of adults collected 
in this way in June and July are made in 
open infested fields. Infested plants may 
also be transplanted to new locations. 

Possible uses of root borers.—This root 
borer may be found useful in wooded 
areas, or in feed lots where cattle or 
sheep are concentrated for short periods 
coincident with the period of maximal 
egg deposition and larval development of 
the Chrysolina beetles. 

GaLL_ Fry.—Handling of material and 
establishment of colonies —Cut branches 
of Klamath weed heavily infested with 
gall flies were shipped from Europe by 
air and were living when received at the 
Albany, California, laboratory in March 
and April 1950. The cut ends of the plants 
were immediately rewrapped with ab- 
sorbent cotton, and then the material 
was placed in an emergence cage and kept 
moistened during emergence. The adult 
flies began emerging immediately. 
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Attempts were made to obtain estab- 
lishment by direct release in the field 
either in a cage or without confinement. 
‘The adults are extremely delicate, and 
their transportation to the field locations 
proved disastrous, even under careful 
handling and use of several methods of 
confinement during transit. 

Another method of handling proved 
satisfactory. Adults were placed uncon- 
fined among potted Klamath weed plants 
on a greenhouse bench. ‘l hey immediately 
oviposited on the leaves, and a large popu- 
lation of galls containing immature flies 
developed. Most of the plants were then 
taken to field locations and uninfested 
potted plants were placed on the green- 
house bench for stocking. ‘The colony is 
thus maintained in the greenhouse, while 
material has been taken to the field as 
required. 

Releases have been made in Placer, 
Alameda, Humboldt, kl Dorado, and 
Butte Counties in California. Establish- 
ment seems assured in Placer and Butte 
Counties, the two counties where sufficient 
time has elapsed to determine this point. 

One aspect of colonization that may 
be important is the tendency toward 
concentration of populations in damp 
locations. During the early part of the 
summer dry season, most of the galls are 
formed close to the ground, although a 
profusion of foliage is present at higher 
levels. It was also noted that in the early 
stages of establishment at the Placer 
County location, the colony during summer 
was largely restricted to the edges of a 
small stream. Nevertheless, during the 
wet season the flies gave good control of 
the weed over an area 50 to 100 feet in 
diameter. 

Life history of fly and growth phases of 
host plant.—Vhe life history of this gall 
fly respecting its synchronization with 
the growth phases of the weed under 
California conditions is important. 

The young larvae in the tiny leaf buds 
cease hibernating late in the winter and 
the normal galls develop. These galls 
are crimson-red, nearly spherical, —bi- 
valved, hollow structures formed by an 
unusual growth of two of the leaves of a 
bud and by cessation of growth of all 
more distal stem and leaf parts. The 
adults emerge by forcing open the edges 
of the flexible values. The pupal cases 
can be seen protruding from the crevices. 
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The adults deposit their eggs on leaves 
or stems, and the tiny larvae enter the 
leaf buds. During the spring and early 
part of the summer, two or three genera- 
tions may be produced. ‘Though there 
may be a definite aestivating stage, as 
suggested by Wilson (1943), the reduced 
numbers of galls during the drier part of 
the summer may be due to unfavorable 
conditions for reproduction, but not neces- 
sarily to complete cessation. ‘The plant 
becomes dry and woody and drops most 
of its leaves during that period. 'l here is 
a second marked reproductive surge dur- 
ing the fall rainy season, synchronized 
with the appearance of new procumbent, 
basal foliage of the weed. One or two fall 
generations are common prior to hiberna- 
tion in December and January. The for- 
mation of normal galls and emergence of 
the first spring generation completes the 
year. 

Nature of plant injury by gall fly—By 
exhibiting a preference for and curtailing 
the growth of terminal buds, and through 
its capacity for rapid increase in numbers, 
this insect effectively controlled Klamath 
weed in a small trial area in a single year. 
Essentially all the plants died early in the 
summer. 

Heavily infested plants suffer marked 
loss of vigor and drastic reduction of 
foliage and root masses, opening the way 
for possible displacement by other range 
species. It is not known what part of this 
effect. was contributed by competitive 
plants. Infested plants might die during 
the dry season simply from an inability 
to obtain moisture, owing to the crippling 
of the root system and loss of general 
vigor, whether or not other competitive 


plants were present. This point has not 
received experimental attention. 

Methods of distribution —The methods 
of distributing these insects to new areas 
is essentially the same as that described 
for handling and establishing colonies 
from imported stock. However, move- 
ments on a larger scale are accomplished 
by placing uninfested potted plants in a 
thriving field colony during the reproduc- 
tive period, and, after the plants become 
infested, moving them to the new loca- 
tions, or by digging up infested plants 
during the spring and transplanting them 
to new locations. 

Possible uses of gall flies—Not much 
is now known as to the locations where 
these insects will be required. The Chryso- 
lina beetles, however, may be somewhat 
less effective in marshy areas or in irri- 
gated pastures. It is in such locations and 
in wooded brush areas that use of this 
insect is contemplated. Finally, there is 
no way of knowing whether or not this 
fly, or the root borer, may be more suc- 
cessful even than Chrysolina gemellata in 
maintaining itself, and effecting control 
at the as-yet-unknown host-plant levels 
that may prevail in future years. 

Summary.—A gall fly, Zeuridiplosis 
giardi (Kieff), and a root borer, Agrilus 
hyperict (Creutzer), were imported from 
Europe in 1950 for biological control of 
Klamath weed, Hypericum perforatum L. 
Both these insects have become estab- 
lished in California and have demon- 
strated ability to destroy the weed at the 
points of liberation. No evaluation of 
their final roles, as compared with that of 
the Chrysolina beetles, can be made at 
this time. 
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Leaf Injury Caused by the First-Generation Corn 
Borer in Field Corn' 


H. C. Cuiana and A, C, 

A common recommendation for the 
time of applying insecticides for the con- 
trol of the first-generation corn borer in 
field corn calls for insecticidal treatment 
ten to twelve days after the first eggs 
hatched. Recently, much effort has been 
directed toward improving the method of 
timing insecticide application. Luckman 
& Decker (1952) suggested spraying at 
one stage of tassel development of the 
corn plants. Apple (1950) has suggested 
that the progress of egg hatching may 
provide a better criterion for correct tim- 
ing than a fixed time interval after the 
date of first hatching. Hawkins & Devitt 
(1952) showed that the hatching levels 
‘an be forecasted on the basis of moth 
emergence. Another suggestion has been 
the utilization of leaf injury as an aid in 
determining the need for, and the timing 
of treatment. Since 1950 three north 
central states have incorporated this 
method in their recommendations for 
chemical control of corn borer. Minnesota 
(Holdaway et al. 1950) on the basis of 
preliminary results of the work here re- 
ported has recommended a leaf injury 
count as an alternative to the egg mass 
count and the first hatching date. Indi- 
ana (1950) recommended the checking of 
leaf injury as an index for timing, without 
consideration of the first hatching date, 
while Wisconsin (1952) recommended 
using leaf feeding counts for treatment 
insurance. Since 1950 the use of leaf 
injury has been included in the regional 
recommendations.® 

During the course of an intensive study 
of the relationships between borer popu- 
lation and damage to corn plants, data 
were accumulated on the leaf feeding of 
the first-generation larvae and the result- 
ing leaf injury. Investigations were made 
to determine also the relation of the 
manifestation of leaf injury to the growth 
stage of the host plants, to the time when 
the injury occurred, and to the level of 
borer population. The analysis is based 
mainly upon the studies of eleven plant- 
ings, 2 in 1949, 7 in 1950 and 2 in 1951 
(Table 1). 

Tue Types or Lear Injury.—Records 
taken during three seasons, 1948 to 1950, 


Hovson,? University of Minnesota, St. Paul 


Table 1.—Planting dates and varieties of the 
different plantings of field corn under observa- 
tion. 








VARIETY, 








MINHYBRID 
NUMBER YEAR PLANTING DATE 
503 1949 Early (May 8) 
503 1949 Medium (May 17) 
504 1950 Early (May 12) 
504 1950 Medium (May 22) 
504 1950 Medium (May 81) 
504 1950 Late (June 12) 
608 1950 Medium (May 22) 
608 1950 Medium (May 31) 
608 1950 Late (June 12) 
503 1951 Medium (May 20) 
503! 1951 Medium (May 24) 





1 Planting made at Madelia, Minn. All the other plantings 
made at the Southeast Experiment Station, University of 
Minn., Waseca, Minn. 


indicate that the larvae first inhabit the 
whorl, then the mid-rib, sheath or tassel, 
and finally the stalks. Those larvae found 
in the leaf whorl were mostly in the first 
and second instars, and those in the 
stalks in the fifth instars. Leaf feeding was 
participated in mostly by the early in- 
stars and, of all the signs of borer activity, 
leaf injury was found earliest in the 
season. 

There are three types of leaf injury 
distinguishable. The first type, the “pin 
hole” type, can be recognized as small 
round holes occurring usually on the 
upper surface of a leaf and extending to, 
but not through, the epidermis of the 
other side. Those holes have the appear- 
ance of white spots early in the season. 
The second type, the ‘ ‘shot hole” type, 
occurs as irregular, more or less oval 
shaped holes of various sizes. The injury 
of this type shows on an expanded leaf 
as a series of almost identical holes across 

1 Paper No. 2913, Scientific Journal Series, Minnesota Agri 
cultural Experiment Station, St. Paul 1, Minnesota. 

2 Gratefu acknowledgment i is due to Dr. L. K. Cutkomp and 
Dr. F. G. Holdaway who criticized the —— ript and to Mr 
R. E. Hodgson, superintendent of the S.E. Experiment Station 
of the University of Minnesota who prov ided field plots and 
material assistance. 

3 (North Central States Regional Bulletin No. 22). The pres 
ent paper reports the results of some biological studies whic! 
serve as a basis for evaluating the potential of leaf injury as a: 


aid in determining the need for and the timing of insecticida 
control of first-generation corn borer in field corn. 
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the width of the leaf, and does not stop 

the epidermis. The third type, the 
“large feeding hole’ type, is similar to 
the second type, but larger, more irregu- 
lar in shape and not in a series. These 
holes usually are elongated between two 
longitudinal leaf veins. 

THe Formation or Lear INJuRY.— 
Studies were conducted in 1950 to deter- 
mine how the three types of leaf injury 
were formed, and what stages of larval 
development were involved. Plants were 
artificially infested with egg masses and 
examined at various times after the eggs 
had hatched to observe the leaf injury. 
Ten plants from each of the seven 1950 
plantings were infested individually with 
three egg masses that had an average of 
16 eggs per mass.‘ In infesting the plants, 
wax paper discs, each with one egg mass 
at a late stage of development, were 
placed in the plant whorl, and the hatch- 
ing date was determined by examining 
some of the masses daily. Three plants 
were dissected from each planting 10 and 
16 days after hatching, and the larval 
population and the leaf injury were 
checked. The number and location of 
holes on the leaves were recorded. The 
leaf was divided visually into sections, 
each 5 inches long. In this manner the 
distribution of holes on different parts of 
all the leaves was determined. Since the 
plants from the seven plantings had 
different heights at the time of egg hatch- 
ing, this study showed the characteristics 
of leaf injury and the local concentration 
of leaf holes on plants of different stages 
as well as the manner in which each of 
three types of holes were made. The re- 
sults are summarized in the following 
statements. 

1. On the early planted corn, which was 
at an older stage at the time of feeding 
by the introduced larvae, the feeding was 
concentrated on the proximal parts of 
the upper leaves of the plant; on the later 
planted corn, which was at a younger 
stage of growth at the time of larval feed- 
ing, the feeding was concentrated on the 
distal parts of the lower leaves of the plant. 

Under the conditions of heavy natural 
egg deposition, young larvae may be 
hatching on a given plant over a period 
of time and leaf injury may appear on 
all leaves of the plant. Based upon the 
results of observations on the artificially 
infested plants as mentioned in the pre- 


ceding paragraphs, we can safely say 
that the holes on the lower leaves of the 
plant were made by the larvae which 
hatched earlier when the plant was young, 
and that the holes on the upper leaves 
were made by larvae which hatched later 
when the plant was older. 

2. Pin-holes were found on all the 
plants regardless of their age at the time 
when they were infested, and were more 
numerous than the other types of holes. 
Field observations indicated that they 
were formed by larvae feeding in the 
whorl, in a zone delimited by the separa- 
tion of the tightly rolled leaves and the 
point where the leaves first become com- 
pletely exposed. As the plants grew and 
the whorl of the plant was composed of 
more upper leaves, the larvae moved up- 

yard with the elevating whorl. 

3. Shot-holes were found on the earliest 
planted corn and then only at the second 
dissection which was made 16 days after 
egg hatching. They were found on the 
leaves next to the tassel. Observations 
during the dissection of the plants in- 
dicated that the shot holes were made 
by second or third instar larvae which 
chewed through the rolled leaves at the 
center of the whorl. If the plants were at 
the stage at which the tassel was in the 
center of the whorl the larvae would enter 
the anthers. Since the center leaves 
formed a tightly rolled scroll, a hole 
bored through the scroll would result in 
a series of holes when the leaves forming 
it unfolded. At a glance, these holes re- 
semble those made by billbugs (Calendra 
spp.). However, their seasonal occurrence 
and location on the plants are very differ- 
ent. Billbugs, unlike the corn borer, are 
found on rather young plants in the early 
season. 

4. Large feeding holes were found only 
on the early planted corn and on leaves 
lower than those with shot-holes but 
above most of them with pin-holes. When 
the growth of the plant is such that the 
whorl is still composed entirely of leaves 
at the time when most of the larvae on 
the plant have developed into the second 
or third instar, they feed extensively in 
the whorl and cause large feeding holes on 
the leaves. Larvae of earlier instars may 
also leave quite large feeding holes if the 

4 Sincere thanks are due to Dr. F. G. Holdaway, Division of 


Entomology, University of Minnesota, who supplied the egg 
masses used in this study. 
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host plant is of a very susceptible variety. 

In summary, the pin-holes were found 
on corn of all planting dates, whereas the 
shot-holes and the large feeding holes 
appeared only on early plantings. The 
sites of greatest concentration of pin- 
holes varied with the stage of growth of 
the plant at which feeding took place: 
on the upper leaves of older plants and on 
the lower leaves of younger plants. The 
other types of leaf injury were found only 
on the upper leaves of older plants. 

THe ‘ime or OccuRRENCE OF LEAF 
Insury.—As we have already mentioned, 
leaf injury occurs before the part of the 
leaf being fed upon becomes exposed. If 
leaf injury is to be used as a criterion in 
deciding if and when insecticides are to be 
applied, the time required for the injury 
to become visible after initiation within 
the whorl is important. Corn has its grow- 
ing point at the center, thus the time lag 
just referred to is dependent upon the 
rate at which the leaves grow and are 
exposed beyond the whorl. This rate is 
naturally dependent upon the general 
growth rate which in turn varies with the 
weather conditions and with the growth 
stage of the plant. 

Under natural conditions, the time at 
which the larvae start to feed inside the 
whorl is difficult to determine. For this 
reason, the time lag between the occur- 
rence and the appearance of leaf injury 
was studied by artificial measures. Punc- 
tures simulating leaf feeding injury were 
made on that part of the plant where 
voung larvae had been observed feeding, 
i.e., between the tightly wrapped part 
of the whorl and the part with exposed 
leaves. This zone corresponded to a 3- 
inch section above the base of the top- 
most fully expanded leaf. A fully expanded 
leaf is one which has the sheath exposed. 
Punctures were made by pushing a pin 
through the broadest surface of the plants. 
‘Lhey were arranged in a diamond-shaped 
pattern in order to make them distin- 
guishable from any natural injury which 
might occur. Ten plants from each of 
seven plantings planted at different times 
in 1950 were used in this study. At the 
time the puncture marks were made, 
records on the plant height, the number of 
leaves fully expanded and the number of 
leaves in the whorl were taken. Observa- 
tions on the appearance of the puncture 
marks on newly expanded leaves were 
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made every second day, up to the 8th 
day after the puncture injury. Special 
attention was given to those marks which 
signified the injury which would have been 
present were there larvae feeding in the 
whorl at the time of puncture, namely, 
those on the first and second leaves in 
from the outside leaf of the whorl. This 
procedure made it possible to determine 
the time required for the injury to be- 
come visible or conspicuous after being 
initiated within the whorl. This experi- 
ment was carried out during the corn 
borer egg hatching period of the 1950 
season. A series of sketches were made to 
illustrate the method of obtaining the 
results. ‘The initial puncture marks made 
on the outside leaves of the whorl are 
shown as circles while the marks made on 
the inner leaves of the whorl which cor- 
respond to the usual feeding sites, are 
shown as dots. As shown in figure 1, A, 
the initial punctures were made from the 
outside at the base of leaf V, the topmost 
fully expanded leaf. The dots indicate the 
injury with which we are concerned. The 
marks on the inner leaves became visible 
on the 4th day (Fig. 1, C) and became 
conspicuously evident by the 6th day after 
the puncture marks were made (Fig. 1, 
D and E). The marks at the base of leaf 
VII in figure 1 B are shown diagrammati- 
‘ally. They would be visible only after sep- 
arating the expanding leaves. 

The results of this study showed that 
the leaves were expanded at a greater rate 
in plants of medium age than in plants 
of younger and older ages.’ Hence, the 
puncture marks on the first and second 
leaves referred to previously were visible 
on plants of medium age on the second 
day, and on older and younger plants on 
the 4th day. These puncture marks be- 
‘ame conspicuous on plants on the sixth 
day. In short, the puncture marks _ be- 
‘ame conspicuously visible on plants of 
all ages on the 6th day after the marks 
were made. The implication of the results 
of this experiment is that natural feeding 
holes likewise would become conspicu- 
ously visible by the sixth day after feeding 
had taken place. 

In concluding this section, it can be 
said that, although the time lag for leaf 
injury to become conspicuous after it 

5 Table 1 lists the variety and planting dates. Of the 1950 
plantings, the early plantings were at an old stage of growth at 


the time of puncture, medium plantings at a medium age, and 
late plantings at a younger age. 
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ceurred varied with the growth stage of 
ihe plant, yet the injury could be observed 
at the latest by the sixth day after it was 
made. This was true under the weather 
conditions prevailing during the 1950 
latching period, and in plants of all 
stages of growth under observation. If 
we assume that the larvae started feed- 
ing on the leaves in the whorl soon after 
hatching, the leaf injury would be notice- 
able well within 10 days after the time 
of first hatching. This fact is of practical 
significance, since under no circumstances. 
has the application of an insecticide been 
considered necessary before the tenth day 
after the first egg hatching. 

OccURRENCE OF LEAF INJURY IN 
RELATION TO THE ABUNDANCE OF THE 
Corn Borer.—In the previous section 
we have discussed the relation of the 
manifestation of leaf injury to the growth 
stages of the host plants and to the time 
at which injury occurred. The next ques- 
tion to be considered is the relationship 
between the manifestation of leaf injury 
and the abundance of the corn borer in a 
given planting of corn under conditions 
of natural borer infestation. To study this 
relationship, egg deposition, egg hatching 
and leaf injury in the different plantings 
were checked at intervals during the early 
summer. 

Leaf injury was evaluated by two meth- 
ods. In 1949, the plants were carefully 
checked to observe any leaf injury that 
might be present on any part of the leaf 
surface. In 1950 and 1951, the observer 
walked down the rows of corn plants, and, 
from a standing position, observed the 
leaf injury which was noticeable on the 
expanded part of the leaves. The injury 
recorded in the second method which will 
be referred to as “conspicuous leaf in- 
jury” is more empirical, but is more 
practical as a field procedure. 

The seasonal changes of egg deposition, 
egg hatching, and the manifestation of 
leaf injury are shown in figure 2. In each 
graph the number of unhatched egg 
Inasses observed on a given day (histo- 
grams), the seasonal increase in egg hatch- 
ing, as expressed in the per cent of the 
total number of eggs hatched during the 
entire period (lines with triangle marks), 
and the seasonal increase in per cent 
plants showing leaf injury (lines with 
circle marks) are designated according to 
the dates (abscissa). The total number of 


Table 2.—The initial egg deposition and the 
maximum per cent of plants showing conspicuous 
leaf injury in several plantings of corn in 1950 and 








GREATEST 
No. or 
Eaa Tora Maximum 
Masses No. or PLANTS 
PER 100 Eae SHOWING 
VARIETY AND PLANTSON Masses Date or Conspicu- 
PLANTING Any ONE PER 100 First ous Lear 
Date Day Piants Hatcnine — INuury 
1950 
504 May 12 177 380 June 26 65% 
504 May 22 90 212 June 30 50 
504 May 31 12 32 July 11 20 
1950 
608 May 22 80 207 July 1 30% 
608 May 31 32 65 July 5 20 
1951 
503 May 20 47 121 June 26 16% 
503 May 24 25 64 June 21 32 





first-generation egg masses deposited in 
each planting also is given to indicate the 
general level of infestation, and the date 
of first egg hatching is designated by a 
small arrow. 

By comparing the egg deposition, egg 
hatching and the manifestation of leaf 
injury in the different plantings three 
points can be noted. 

1. The maximum per cent of plants 
showing leaf injury increased in the same 
direction as both the greatest number of 
egg masses found on any one day and the 
total number of egg masses deposited 
among the plantings of corn of the same 
variety in a given year (Figure 2 and 
Table 2). For example, at the highest 
level of infestation found in the earliest 
planting made in 1950, 65 per cent of the 
plants showed conspicuous leaf injury 
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Fig. 1.—Sketches of the same corn plant at two-day 
intervals, showing the change in the positions of 
puncture marks on the different leaves. 
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Fic. 2.—The seasonal progress of egg deposition, 

egg hatching and the manifestation of leaf injury. 

For the 1949 plantings, the per cent of plants show- 

ing any leaf injury was given instead of conspicuous 

leaf injury as in the other plantings. Each planting 

is designated by the Minhybrid No. and the date of 
planting. 


(variety 504 planted May 12, in figure 2). 
In contrast, in a later planting of the same 
hybrid, variety 504 planted May 831, 
where the infestation was much lower, 
only 20 per cent of the plants showed 
conspicuous leaf injury. 

2. In any given planting, the per cent 
of plants showing leaf injury increased 
with the increase in egg hatching as the 
season advanced. However, the rate of 
increase of leaf injury and egg hatching 
was not always the same in plantings with 
different initial levels of borer infestation. 
Instead, more leaf injury was observed 
after any given percentage of egg hatch- 
ing had taken place in plantings where 
the total egg deposition was high than in 
those where the total egg deposition was 
low. For example, at the time when about 
10 per cent of the plants showed conspicu- 
ous leaf injury, about 80 per cent of the 
total hatching had taken place in a plant- 
ing with a low borer infestation (Variety 
504, planted May 31), but ony 58 per 
cent of the total hatching had taken place 
in a planting where the infestation was 
higher (Variety 504, planted May 12). 
This relationship is to be expected in 
view of the fact that at any given time 
the extent of leaf injury is determined 
by the number of larvae present which 
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is the result of both the number of eggs 
and the percentage hatching. 

3. The time at which leaf injury began 
to appear in a given planting of corn can 
be compared with the time of first hatch- 
ing in that planting. It will be noted that 
in 1949, the first leaf injury appeared at 
the time when the first egg hatching was 
recorded, (Fig. 2, A and B), but injury 
was noticed several days later than the 
first egg hatching in 1950 and 1951. The 
same relationship held true for the time 
at which any particular percentage of 
the plants showed injury. 

These relationships can be explained 
partly by the more rapid egg hatching 
in 1949 than in 1950 and 1951, which 
probably was the result of the warmer 
growing season in 1949.° The cool seasons 
of 1950 and 1951 might have also slowed 
down larval activity and feeding, with a 
late manifestation of leaf injury the re- 
sult. 

In concluding this section we may say 
that the facts presented suggest that both 
the extent and the rate of the manifesta- 
tion of the leaf injury on the corn plants 
under the conditions of natural infesta- 
tion varied with weather conditions and 
with the initial amount of egg deposition. 
The extent of the manifestation of leaf 
injury was related both to the percentage 
of hatching and to the number of eggs 
deposited. ‘The rate of the manifestation 
was greater under warm weather condi- 
tions probably as a result of the more 
rapid hatching and increased rate of larval 
activity and feeding. It is certain, too, 
that those borers which died at an early 
stage would do little or no feeding. Thus, 
should the weather conditions cause heavy 
egg or larval mortality, the manifestation 
of leaf injury would be reduced likewise. 

The above findings suggest that the 
seasonal increase in leaf injury is a more 
direct indication of the seasonal increase 
in the number of active larvae, and con- 
sequently, of the potential damage to the 
crop, than is the number of egg masses 
or the percentage of hatching. 

Thus, the manifestation of leaf injury 
offers some promise as an aid in deter- 
mining both the need for and the timing 
of insecticide treatment. However, the 

6 The average temperature for July 1949 was 75.8° F., while 
the average for July 1950 and 1951 were 69.0° F. and 72.8°F. 
respectively. On the basis of the average temperature over a 24 
year period, July 1949 was 2.4° F. above the average. 1950 


deviated below the average 3.9° F. and 1951 was only 0.1° F. 
below the average. 
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cyitical levels of leaf injury to be used 
nust be established according to the local 
conditions and specific needs. 

SumMARY.—Observations have been 
nade on the manifestation of leaf injury 
caused by borer feeding relative to the 
growth stage of the host plants, to the 
time when the injury was made, and to 
the level of borer infestation. 

Three types of leaf injury, were dis- 
tinquishable. They were the result of 
feeding by borer larvae of different ages 
on plants in different stages of growth, 
and are designated as “‘pin-holes,” “‘shot- 
holes” and “large feeding holes.” 

Artificial injury indicated that there 
was a lag from the time of initial feeding 
to the time when the injury became visi- 
ble or conspicuous. This time lag varied 
with the stage of plant growth, yet it was 
found to be not more than six days at all 
the stages of plant growth studied in 1950. 


Field observations were made on the 
extent and the rate of the manifestation 
of leaf injury in relation to the level of 
natural borer infestations in the experi- 
mental plantings of corn. It was revealed 
that the extent of leaf injury varied with 
the level of initial infestation, and the 
rate of occurrence of leaf injury varied 
with weather conditions. 

The possibility of using leaf injury as 
an index for determining the need for and 
the timing of insecticidal control programs 
is suggested. Without considering the 
number of egg masses and the first hatch- 
ing date, insecticidal treatments may be 
scheduled solely with reference to the 
percentage of plants showing leaf injury. 
However, field tests are needed to verify 
the practical validity of this method un- 
der varied conditions and to establish 
critical levels of leaf injury for specific 
needs. 
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‘Tomato Insect Investigations in Northern 
California in 1951 


A. E. Micue.sacuer, O. G. Bacon, W. W. Mippiexaurr and W. Erwin, 
University of California, Berkeley 


For the past several years the tomato 
insect control program has been rather 
closely observed in order to detect any 
defects that might develop. Where recom- 
inendations have been followed carefully, 
and treatments thoroughly applied little 
trouble has been experienced. With few 
exceptions there are satisfactory control 
ineasures available for all the pests that 
attack tomato. 


At the present time, however, there 


are no insecticides which are used in the 
tomato insect control program that will 
control the agromyzid leaf miner. Lirio- 


myza subpusilla (Frost). This pest is 
present in most tomato fields and on oc- 
casions in northern California it has 
caused considerable injury in localized 
areas. There are several chlorinated hy- 
drocarbon insecticides such as aldrin, 
dieldrin and heptachlor that are known to 
be effective against this pest, but until 
1951 no experiments had been conducted 
with these materials in northern Cali- 
fornia to determine their possible use on 
tomatoes. In order to determine their 
effectiveness against caterpillars attack- 
ing tomato as well as the leaf miner, 
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Table 1.—Treatment, and per cent of infested tomatoes in the several pickings where insecticides 
were applied July 23 and August 30 at approximately 30 pounds per acre per application. 








Per CENT or INFESTED TOMATOES 
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September 25 
Third Picking 


September 14 
Second Picking 


First Picking 


Super- 
ficial 


Super- 
ficial 
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Severe ficial Total 
.00 1.50 5.50 ; 2.50 6.50 5.33 2.38 7.66 
0. 0.50 oO .00 0.50 33 0.33 .66 
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1 A single application July 23. 


these insecticides were included in’ an 
experiment along with TDE, Q 137 (an 
analog of DDT,) and plots treated only 
with sulfur—the latter serving as a check. 
The experiment was conducted at one 
end of a 90 acre tomato field, located 
near Woodland, Yolo County. The indi- 
vidual plots measured approximately 60 
by 162 feet and each treatment was repli- 
cated four times. The insecticides were 
used as dusts in combination with sulfur 
for tomato mite control, and applied with 
a power take-off Hardie Tuft duster at 
the rate of approximately 30 pounds per 
acre per application. This same machine 
was used to treat the remainder of the 
field with TDE; the dust drift for the 
most part was always away from the 
experimental area. Applications were 
made on July 23, and August 30 for insect 
control. One plot in each replicate was 
treated a third time on September 27, 
in order to secure tomatoes with relatively 
high deposits for residue and taste studies. 
Samples for these determinations were 
picked the same morning the dusts were 
applied. 

The information concerning the com- 
position of the several dusts and the per 
cent of caterpillar-injured tomatoes for 
each of the three pickings is summarized 
in table 1. Infested fruit is divided into 
two categories, superficial and severe. 
The former includes tomatoes which show 
only a slight amount of injury, while the 
latter includes those fruits that are severe- 
lv injured or infested with a caterpillar. 
The amount of damaged fruit in the check 
remained at a relatively low level, despite 
the fact that at the time of the first treat- 
ment on July 23, the outlook for the field 


as a whole indicated a severe infestation. 
Infestations of the corn earworm, Heliothis 
armigera (Hbn.); the beet armyworm, 
Laphygma exigua (Hbn.); western yellow- 
striped armyworm, Prodenia  praefica 
Grote; and hornworms, Protoparce sexta 
(Johan.) and P. quinguemaculata (Haw. ) 
were just beginning, but the intensity 
of the attack, based on past experience, 
was sufficient in the absence of effective 
treatment to result in an estimated loss of 
25 per cent or more of the crop. ‘I he situa- 
tion in the check represents a condition 
that has become more apparent during 
recent years, and that is where relatively 
small plots are left untreated the popula- 
tion in them tends to be suppressed if 
they are in a field or area receiving effec- 
tive treatments. All the treatments  re- 
sulted in a marked reduction in the in- 
festation when compared to the check. 
Best control was obtained with TDE and 
on the last picking none of the other 
insecticides approached it in effectiveness 

Although both species of hornworms 
were present Protoparce sexta (Johan.) 
was by far the most abundant. Although 
not of a serious nature, there was consider- 
able evidence of hornworm activity at the 
time the first treatment was applied on 
July 23. Again on August 24 some days 
prior to the second application some cater- 
pillars as well as a number of eggs were 
observed. Even in the checks a serious 
infestation failed to develop although 
injury was noticeable. In order to obtain 
some information on the relative effective- 
ness of the several treatments a survey 
to determine the number of plants in- 
jured by hornworms was made on Sep- 
tember 14. In each plot the number of 
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liornworm injured plants in 450 feet of 
row were counted, and the average for 
each treatment is given in the following 
tabulations. 


et ae Reet eee 15.75 
5% TDE....... ..... 0.50 
fy A Sr 

2.5% aldrin......... . 6.75 
1.5% dieldrin. ..... .  §.00 
3% heptachlor. . 9.25 


Best control was obtained with TDE 
followed by Q-137. Dieldrin, aldrin and 
heptachlor did not approach TDE in 
effectiveness, and of these insecticides 
heptachlor resulted in the poorest control. 
It is interesting to note that at the time 
the above survey was made not a single 
hornworm was encountered in any of 
the treatments. 

The seasonal trend in the infestation of 
the leaf miner Liriomyza subpusilla (Frost) 
in the experimental field was followed. 
It developed rather unevenly, and _ al- 
though heavier in spots, the infestation 
was general throughout the field before 
harvest was complete. Infestation by the 
leaf miner is certainly influenced to a 
marked degree by environmental factors, 
but just what makes one portion of 
field much more susceptible than another, 
is not known. 

The trend of the leaf miner infestation 
in the several treatments is given in 
table 2. Five surveys were conducted 
and the infestation is given in terms of the 
average number of mines per leaflet. In 
making counts, 50 mature leaflets were 
picked at random from each plot so on 
each survey 200 leaflets were examined 
from each treatment. At the time of the 
first application on July the miner 
infestation was extremely light and this 
condition still existed on August 7 when 
the first survey was made. The infestation 
was light even at the time of the second 
application on August 30. From this time 
on it increased at a more rapid rate, but 
even in the check it just failed to reach 
what might be considered a destructive 
level. Dieldrin, aldrin and hepatchlor all 
had a depressing effect upon the miner, 
with dieldrin resulting in the best control. 
Neither TIDE nor Q-137 had any stimu- 
lating effect upon the miner when com- 
pared to the check. This is in substantia- 
tion of our previous investigations which 
have shown that the chlorinated hydro- 
carbon insecticides used in the tomato 
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Table 2.—Effect of several insecticides on the 
seasonal trend of infestation of the agromyzid 
leafminer, Liriomyza subpusilla (Frost) in to- 
matoes treated July 23 and August 30. 











| AVERAGE NUMBER OF Waisoen 

LEAFLET ON SuRvVEY Dates 

} GIVEN 

| Aug. | Aug. | Sept. | Sept. | Sept. 
7 2 7 14 25 


TREATMENTS* = 7 


hee,, 98% sulfurt | 0.045, 0.10 | 1.14 


V 2.24 | 4.60 
5% TDE, 75% sulfur | 0.045) 0.25 | 1.09 | 1.64 | 3.54 
59 2 Q- 137, 50% sulfur 0.04 | 0.35 | 0.99 | 1.67 | 3.17 
1.5 % dieldrin, 50% sulfur | 0.45 0.23) 0.64 | 1.09 1.60 
2.5% aldrin, 50% sulfur | 0.45 | 0.18 0.77 | 1.20 2.46 
3% heptachlor, 50% sul- 

fur 0.05 | 0.23 0.99 | 1.22 | 2.90 





w 


* Applied as dusts at rate of approximately 30 pounds per 


acre per application. 
t A single application July 23. 


insect control program apparently do not 
result in an increase in the leaf miner 
population. 

‘Lhe leaf miner infestation in the check 
was larger than that which occurred in 
either the TDE or Q137 treatments. 
This would indicate that chlorinated hy- 
drocarbon insecticides such as TDE and 
DDT do not stimulate leaf miner activity. 
In fact, it substantiates the results of 
previous investigations in which it has 
been shown that environmental conditions 
are much more important in the develop- 
ment of leaf miner infestations than are 
the insecticides used in the tomato insect 
control program. 

Dieldrin, aldrin, and heptachlor have 
not been released for use on tomatoes and 
until they are they cannot be recom- 
mended in the tomato insect control 
program. However, as used in this investi- 
gation, none of these materials appeared 
to impart an off flavor, nor was a serious 
residue problem indicated. 


Table 3—DDD, Q137, dieldrin, aldrin and 
heptachlor residues on tomatoes. ' 








ResIpuE IN Parts PER MILuion? 


‘TREATMENT Canned 

(Dusts) Unwashed Washed Juice 
Check 0.01 - 0.01 
5% TDE 0.03 0.10 0.06 
5% QI3ST 0.12 0.04 0.01 
1.5% dieldrin 0.06 0.04 0.01 
3% aldrin 0.02 0.03 0.01 
3% heptachlor 0.01 0.05 0.01 





1 Three applications, July 23, August 30, and September 27, 
each approximately 30 pounds per acre. Samples for residue 
studies picked September 27, the same day the last application 
was made. 

? Aldrin, dieldrin, heptachlor, Q137 and check samples were 
analyzed for residues by a bioassay method, TDE by Schechter- 
Haller method. 





x 
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Aldrin, dieldrin, heptachlor, Q-137 and 
check samples were analyzed for residues 
by a bioassay method, while the Schecter- 
Haller method was used for the TDE 
residue determination. The information 
obtained is given in table 3. In spite of 
the fact that samples for residue studies 
were picked the same day the last appli- 
cation was made, the residue even on the 
unwashed tomatoes was only of a trace 
level. Where the tomatoes were washed, 
juiced and canned the residue in all cases 
except TDE was below trace levels. 

Taste tests of a rather limited nature 
were conducted and in no case was an 
objectionable off flavor indicated. 

SUMMARY AND ConcLusion.—Investi- 
gations conducted with dieldrin, aldrin, 
heptachlor and Q137 have shown that 
none of these insecticides are as effective 


Tue Ixsurious Insects or Tue British ComMon- 
WEALTH (Except THE Britisu Isies, INDIA AND 
PakisTAN) WitH A SECTION ON THE CONTROL OF 
Weeps sy Insects, by J. W. Evans. London: 
Commonwealth Institute of Entomology, 41, 
Queen’s Gate, S.W. 7. 1952. 92X6{ inches. viii 
+242 p. front. 

According to the Introduction the purpose of this 
book is “to provide a source of reference and of 
concise information on most of the injurious insects 
of the British Commonwealth” with the exceptions 
that are indicated in the title. There are five parts. 
Part 1, includes a brief survey of the physical char- 
acteristics, climate and principal crops of each 
country, together with a list of the important crop 
pests and records of the insects and ticks of medical 
and veterinary importance. In addition there are 
references to comprehensive entomological publica- 
tions dealing with the insects of the countries under 
consideration, most of these having been noted in 
the Review of Applied Entomology. Part 2 is de- 
voted to Insect and Crop Associations and is a guide 
to the important insects of various crops. The crops 
are listed alphabetically and beneath each is a list of 
the insects commonly associated with them. Part 3 
deals with the insect pests of agriculture, horticul- 
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as TDE against caterpillars attacking 
tomato. Dieldrin, aldrin and heptachlor 
all showed promise in controlling the agro- 
myzid leaf miner, Lirtomyza subpusilla 
(Frost). Dieldrin, however, appeared to 
be somewhat more effective than the other 
two. Because dieldrin, aldrin and hepta- 
chlor are not as effective as TDE in 
controlling caterpillars, their use in the 
tomato insect control program should 
probably be limited to those cases where 
the leaf miner threatens to become a 
problem. Timely applications of any of 
these materials should result in effective 
control of the pest, and based upon re- 
sults obtained in the present experiment 
as well as others it appears that a single 
treatment should remain effective for a 
period of at least 3 weeks. 


ture and forestry. Orders, families, genera and spe- 
cies are indicated and important species are treated 
in some detail. Selected references are given to the 
Review of Applied Entomology. Part 4 of seven 
pages in length is entitled Weed Control by Insects 
and although short, it is of unusual interest. Part 5, 
entitled Special Problems which is eleven pages in 
length is a brief survey of plant quarantines, virus 
vectors, insect control by chemicals, fungous dis- 
eases, cultural methods, and the needs of research, 
An index completes the volume. 

This book completely fulfills its purpose as out- 
lined in its introduction and is a careful and ade- 
quate annotated index to the important insect pests 
of the British Commonwealth. Of interest chiefly to 
economic and medical entomologists, it is a highly 
useful summary of the economic entomology of 
many countries whose problems rarely come to the 
attention of American entomologists. It is intended 
to be used in connection with the Review of Applied 
Entomology and it is another of those entomological 
publications that make life easier for many of us. 
The frontispiece is a portrait of Sir Guy Marshall 
whose activities in connection with Commonwealth 
cooperation in entomological problems have been 
outstanding.—H. B. Weiss. 
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Control of Grape Berry Moth with Synthetic 
Organic Insecticides! 


KE. F. TascuenserG, New York State Agr. Expt. Station, Geneva, N. Y. 


In recent years the grape berry moth, 
Polychrosis viteana (Clem.), has been the 
most important vineyard insect in the 
Chautauqua Grape Belt of New York. 
During 1950 and 1951 it was less destruc- 
tive than in 1949 when the rate of infesta- 
tion was extreme. The below normal tem- 
perature throughout the growing season 
of 1950 undoubtedly reduced insect activ- 
ity. As a result the damage was only 
slight in many vineyards. However, in 
1951 under more favorable conditions 
the infestation was general and a definite 
increase in injury occurred. 

Since 1944 DDT has been tested ex- 
tensively for the control of grape berry 
moth. Data published by Fleming & 
Maines (1947), Taschenberg (1948) and 
(1950) and Cox (1949) establish the fact 
that DDT is very effective against this 
insect. The last two workers found the 
control to be similar with schedules of 
three and four sprays and a program of 
two first brood sprays to be unsatisfac- 
tory. Recent results show parathion to be 
equally as efficient as DDT, and me- 
thoxychlor was reported as giving a high 
degree of control (Cox 1949; Taschenberg 
1950). 

The experiments on the evaluation of 
synthetic organic insecticides for grape 
berry moth control are divided into two 
groups. In one the object was to compare 
insecticides in various spray programs 
under field conditions. The efficiency of 
the materials was determined by an 
examination of a definite number of 
grape clusters from each plot at harvest. 
In the other experiments tests were de- 
signed to furnish information on the spe- 
cific performance of insecticides against 
eggs, larvae and pupae under field condi- 
tions and in the laboratory. Data on the 
effectiveness of the materials were ob- 
tained by a direct examination of the life 
stages with aid of a binocular microscope 
and rearing techniques. 

GENERAL CONTROL EXPERIMENTS.— 
A total of 12 organic phosphorous and 
chlorinated hydrocarbon insecticides were 
evaluated. The names of the materials 
employed in this investigation are those 


Table 1.—Efficiency of schedules of two, three 
and four applications of DDT, 1949, 











TreatMent—DDT 
(50 w.p.) 1.5 Las. PER 
100 GaLLons! 





———- -$ Per Cent 
Dates Sprayed NuMBER | -———-—_--___—___- 
——$———_—_——-——————— or Appui- [Infested Control 
6/23 7/4 7/26 8/8 CATIONS Berrie Efficiency 
x x 2 3.3 87 
x x x 3 3.1 88 
x x x 3 0.5 98 
x x x x + 0.4 98 
Untreated 25.4 





1 Sprays 1, 2, 3 and 4 contained, respectively, bordeaux mix- 
ture of the formulae 4-4-100, 3-4-100 and 2-4-100 plus a miscible 
oil, 3 pints. 


proposed by Haller (1952). Details on the 
procedures and techniques followed in the 
experiments are given in earlier publica- 
tions, Taschenberg (1950) and Taschen- 
berg et al. (1950). A spreader-sticker was 
added to the spray mixture unless the 
insecticide was formulated as a miscible 
liquid. The supplement frequently em- 
ployed was an emulsifiable oil prepared 
by combining 9 parts of a summer oil? 
and one part of an oil soluble emulsifying 
agent. In several tests a commercial 
spreader-sticker* was substituted for the 
miscible oil. 

At harvest 10 count vines were selected 
in each plot and 20 clusters were picked at 
random from each vine. The entire 
cluster was examined and the berries were 
recorded as infested or clean. 

The rate of infestation in the experi- 
mental blocks is typical of that found 
most seasons in unsprayed vineyards 
and ranged from 20 to 30 per cent. One 
series of tests in 1949 was conducted in a 
planting where 58 per cent of the berries 
were infested. Results of the general con- 
trol experiments are presented in tables 
1, 2, 3, 4and 5. 

The results from the experiment com- 
paring various programs of DDT sprays 
are given in table 1. 'wo applications of 
DDT for the first brood failed to give 
satisfactory control, whereas two first 
brood sprays and one for the second brood 

1 Journal Paper No. 901, New York State Agricultural Ex- 
periment Station, June 6, 1952. 
2 Sovaspray Oil No. 3. 


3 Triton B1956. ; 
4 DuPont Spreader-Sticker. 
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Table 2.—Efficiency of several chlorinated hy- 
drocarbon insecticides, 1949. 








Per Cent 
Rate NuMBER - —- 
PER OF In- Control 
MATERIAL AND 100 Appuica-_ fested ffi- 
ForMvuLATION! GaLs. TIONS? Berries ciency 
DDT (50% w.p.) 1.5 Ibs. 3 1.5 97 
Heptachlor (25% w.p.) 2.0 Ibs 4 35.0 40 
Dieldrin (25% w.p.) 2.0 Ibs. 4 56.3 3 
Aldrin (25% w.p.) 2.0 Ibs 4 56.5 3 
Untreated 58.1 





1 DDT used with bordeaux mixture 4-4-100, 3-4-100 and 2-4- 
100 in applications 1, 2 and 3, respectively. Sprays of other in- 
secticides contained a commercial spreader-sticker, 4 ounces per 
100 a. but no fungicide. 

reatments applied 6/27, 


7/7, 7/23 and 8/5. 

proved very effective. A delay of 14 days 
in the application of the third spray 
caused a decrease in the performance of 
a three spray program. Data on the effi- 
ciency of DDT and three chlorinated 
hydrocarbon insecticides are presented in 
table 2. The schedule of three DDT treat- 
ments gave the usual high degree of con- 
trol, but heptachlor, dieldrin and aldrin 
proved ineffective in programs of four 
sprays. 

Data obtained in 1950 with two, three 
and four applications of two chlorinated 
hydrocarbon and three organic phos- 
phorous insecticides are presented in 
table 3. The insecticides were DDT, 
methoxychlor, parathion, metacide and 
EPN. In a schedule of one spray applied 
immediately after bloom and one second 
brood treatment, poor control resulted 
with all products. All materials were effec- 
tive when used in a program of two first 
brood treatments followed by one second 
brood aplication. It is ev ident from the 
data that bordeaux mixture caused no 
reduction in the performance of para- 
thion. The efficiency of the two spray 
schedules was undoubtedly affected by the 
rainfall and cool weather which occurred 
after the first treatment was applied. 
These conditions delayed insect activity 
and in all likelihood decreased the spray 
deposit. 

During 1951 the same materials were 
compared in schedules of three sprays 
and the results are comparable to those 
recorded in 1950 (table 3). Also, two addi- 
tional insecticides, Q137 and diethoxy 
thiophosphoric ester of 4-methyl 7-hy- 
droxy coumarin were tested. Both mate- 
rials gave promising results. Attention is 

nalied to the fact that the parathion con- 
centration was reduced to the 1-100 rate 
without a decrease in control. 
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Table 3.—Efficiency of spray schedules of two, 
three and four applications of chlorinated hydro- 
carbon and organic phosphorous insecticides, 
1950 and 1951. 








Pex Cen ENT 


( outro! 


Rate per Infested  Effi- 
MATERIAL AND FoRMULATION 100 Gats. _ Be rries ciency 
1950 Series 
2 applications! 6/28 and 8/22 
DDT (50% w.p.) 1.5 lbs. 3.4 86 
Methoxychlor (50% w.p.) 2.0 Ibs. 5.8 79 
Parathion (15% w Pp.) 1.5 lbs. 8.7 85 
Parathion (15% w.p.)? 1.5 lbs. 2.8 89 
Metacide (33.3% emul.) 16 fl. ozs. 4.9 80 
EPN (27% w.p.) 1.0 Ib, 4.0 84 
8 applications’ 6/28, 7/11 and 8/22 
DDT (50% w.p.) 1.5 Ibs 0.6 98 
Methoxychlor (50% w.p.) 2.0 lbs. 1.2 95 
Parathion (15% w.p.) 1.5 lbs. 0.6 98 
Parathion (15% w.p.)? 1.5 lbs. 0.6 98 
Metacide (33.3% emul.) 16 fl. ozs. 0.9 96 
EPN (27% w.p.) 1.0 lb 1.5 94 
4 applications‘ 6/28, 7/11, 8/22 and 9/7 
DDT (50% w.p.) 1.5 lbs. 0.3 99 
Methoxychlor (50% w.p.) 2.0 lbs. 0.9 96 
Parathion (15% w.p.) 1.5 lbs. 0.6 98 
Metacide (33.3% emul.) 16 fl. ozs. 0.6 98 
EPN (27% w.p.) 1.0 Ib. 0.9 96 
Untreated 25.0 
1951 Series 
' 2 applications® 7 ee 8/22 

DDT (50% w.p.) 1.5 lbs. 
DDT (50% w.p.) 1.0 lb. | 2.4 92 
Parathion (15% w.p.) 1.0 lb. 1.6 94 
Parathion (15% w.p.)® 1.0 Ib. 1.6 94 
EPN (27% w.p.) 1.0 Ib. 2.1 93 
Diethoxy ‘thiophosphoric ester 1.0 lb. 7.0 76 

of 4-methyl 7-hydroxy cou- 

marin (25% w.p.)? 
Malathon (25% w.p.) 1.0 lb. 12.7 56 
Malathon (25% w.p.) 2.0 lbs. 8.6 70 
Systox (25% w.p.) 1.0 Ib. 14.8 49 
Untreated 28.8 

3 applications’ 6/28, 7/9 and 8 20 

DDT (50% w.p.) 1°5 Ibs. 0.5 98 
Methoxychlor (50% w.p.) 2.0 Ibs. 1.4 94 
Q137 (25% W.p.) 2.0 Ibs. 0.8 97 
Parathion (15% w.p.) 1.0 Ib. 0.4 98 
EPN (27% w.p.) 1.0 Ib. 0.5 98 
Metacide (50% emul.) 8 fl. ozs. 0.5 98 
Diethoxy thiophosphoric ester 8 fl. ozs. 1.2 98 

of 4-methy] 7-hydroxy cou- 

marin (50% emul.)? 
DDT (50% W-p.) 5 Ibs. | 8 0.3 99 
Parathion (15% w.p.) .0 lb. J 
Untreated 23.3 





1 Two sprays, one for first and one for second brood. 

2 Parathion used with bordeaux mixture, formulae $oem, 
3-4-100 and 2-4-100, rexpectively, in applications 1, 2 and 3. 

§ Two first brood applications and one for second brood. 

4 Two first brood sprays and two for second brood. 

5 One delayed spray for first brood and a timely second brood 
spray. 

6 Parathion used with 2 paente low soluble copper, 4 pounds 
lime, and 1 quart miscible oil. 

7 Potasan. Geary Chemical Corporation. 

lit program, two applications DDT followed by one of 

Pr» od, 


Included in table 3 are data obtained 
during 1951 with an abbreviated schedule 
of one delayed first brood treatment and 
a timely second brood application. Only 
the wettable powder formulations of the 
insecticides were employed. Parathion 
and EPN at the 1 to 100 rate proved to 
be effective. DDT at the 1.5 and 1 to 100 
rates, respectively, in the first and second 
applications gave results similar to those 








February 1953 


Table 4.—Efficiency of straight spray programs 
of DDT and — we seneart te 1949 and 1950. 


"Pen C ENT 





NUMBER 

Cc enizel 
Effi- 

ciency 


Infested 
Berries 


OF 
APPLICA- 
TIONS 


RATE PER 
100 GaLs. 


MATERIAL AND 
FORMULATION! 


Series 12-1949 

DDT (50% w.p.) 24 ozs. | st 97 
DDT (50% w.p.) 24 ozs. 
Methoxychlor 6 97 

(50% w.p.) 32 ozs. 
DDT (50% w.p.) 24 ozs. 
DDT (50% wp.) 12 ozs. ' 97 
Parathion (25% w.p.) = 4 ozs. 
DDT (50% w.p.) 24 ozs. 
( SO54A (25! %emul.) 32 fl. ozs. 
Untreated 


93 


Series 23—1951 
24 ozs. 
24 ozs. 
16 ozs. 
24 ozs. 
16 ozs, 
24 ozs. 
16 ozs. 


DDT (50% w.p.) 
DDT (50% w.p.) 
Parathion (15% w.p.) 
DDT (50% w.p.) 
Parathion (15% w.p.) 
DDT (50% w.p.) 
Parathion (15% w.p.) 
Untreated 


mm Ome ee Ow 





1 DDT and methoxychlor re with bordeaux mixture, Para- 
thion used with ferbam at 1.5-100 rate in second application. 
Unless otherwise indicated, lone soluble copper (55% copper) 
used at 12 ozs. per 100 gallons in last 7 iy containing parathion. 

2 Applied sprays 6/23, 6/30 and 7 

’ Applied sprays 7/3, 7/15 and 8 17, 

‘ Third spray contained lime, 4 Ibs. low soluble copper (55% 
copper), 2 lbs. and miscible oil, 1 qt. 


obtained with parathion. At a concentra- 


tion of one pound malathon, Systox and 
diethoxy thiophosphoric ester of 4-methy] 
7-hydroxy 


coumarin were ineffective. 
Even at the 2 to 100 rate malathon was 
inferior to parathion. The efficiency of 
the abbreviated parathion program was 
not decreased by the addition of lime and 
low soluble copper to the spray mixture. 

In the tests to appraise split programs 
three applications were made, two for 
the first brood and one against the second 
brood and compared with a like number 
of DDT treatments. During 1949 the 
only substitution was made in the final 
application of a DDT schedule. The re- 
sults for this season are presented in 
series 1, table 4. Programs with a third 
spray of either methoxychlor or DDT plus 
parathion at reduced rates gave similar 
control and were as effective as the stand- 
ard schedule. The schedule which in- 
cluded CS 654A in the final treatment was 
slightly inferior to the straight DDT pro- 
gram. Split programs tried in 1950 con- 
sisted of one or two DDT applications 
followed by the necessary number of 
parathion sprays to complete a_ three 
spray program. It is evident from the 
data in series 2, table 4 that the DDT- 
parathion spilt schedules proved to be 
as efficient as the straight DDT schedule. 
The addition of lime and low soluble 
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copper to the final parathion spray of a 
split schedule failed to reduce control 
markedly. From the results in table 3 
for 1951 it is seen that the program of 
two DDT sprays followed by one of 
parathion gave good control. The results 
substantiate those obtained in the pre- 
ceding season. 

Several concentrations of 50 per cent 
DDT powder were compared in schedules 
of three and four sprays. The data from 
the experiments in 1948 and 1950 are pre- 
sented in table 5. In a schedule of three 
sprays DDT at the 0.75 to 100 rate proved 
to be quite effective, but the control was 
inferior to that obtained with the same 
material at the 1.5 to 100 rate. The re- 
duced concentration of DDT, 1-100 rate, 
was equally as efficient as one and one- 
half pounds per 100 gallons. There was 
no apparent difference between the 50 
and 75 per cent DDT powder. 

Six organic phosphorous insecticides in 
the form of wettable powders were tested 
at reduced dosages in schedules of two 
sprays. The treatments were directed 
against the second brood and were made 10 
days apart. The results of the tests, given 
in table 6, are based on only second brood 
injury. Parathion and EPN were very 
effective. At a concentration of one-half 
pound these materials gave control similar 
to a dosage of one pound. In this schedule 
diethoxy thiophosphoric ester of 4-methyl 
7-hydroxy coumarin, Systox and mala- 
thon were inferior to parathion. 

With the exception of metacide, the 
insecticides produced no apparent in- 
jury. The 1950 preparation of the above 


Table 5.—Efficiency of several concentrations 
of DDT in schedules of three and four sprays, 
1943 and 1950. 





Pea Ci ENT 


Control 
Infested Effi- 
Berries ciency 


NUMBER 
or AppLi- 
CATIONS! 


OuNCcES 
PER 100 
GALs. 


MATERIAL AND 
FORMULATION 
Series 1—1948 
DDT (50% w.p.) 12 : 
DDT (50% w.p.) 12 
DDT (50% w.p.) 24 
DDT (50% w.p.) 24 
Untreated 


3 93 
4 1.2 96 
i] 99 
4 99 


Series 2—19 50 
DDT (50% w.p.) 24 

DDT (50% w.p.) 24 

DDT (50% w.p.) 16 

DDT (50% w.p.) 16 

DDT (75% wp) il 

DDT (75% w.p.) ll 
Untreated 





1 Sprays applied 7/7, 7/15, 8/13 and 8/25 in 1948 and on 
6/30, 7/12, 8/16 and 9/6 in 1950, 
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Table 6.—Efficiency of five organic phos- 
phorous insecticides when applied twice against 
the second brood at two — levels, 1951. 


Per CENT 





OuNcEs 
PER 
MATERIAL AND F ORMUL ATION! 100 Gaus. Berries 


ciency 


Parathion (15% w.p.) 1.¢ 96 
Parathion (15% w.p.) j .6 97 
EPN (27% w.p.) ‘. 94 
EPN (27% w.p.) .6 97 
Diethoxy thiophosphoric ester of 3 3.6 84 
4-me thy nydroxy coumarin 
(25% w. 
mee! th 2 hosphoric ester of ; 89 
4-met hyl - pte coumarin 
(25% w.p.) 
Malathon Po % w.p.) 
Malathon (25% w.p.) 
Systox (25% w.p.) 
Systox (25% w.p.) 
Untreated 





1 Spreader-sticker, 4 ounces per 100 gallons. 
? Potasan, (Geary Chemical Corporation). 


mentioned material caused some russeting 
on the fruit and foliage scorch. However, 
no injury was observed in plots treated 
with this material in 1951. 

Toxicivy Srupigs ON Lire StaGEes.— 
In this phase of the investigation only the 
organic phosphorous insecticides were 
compared. Data as to the effect of the ma- 
terials on the life stages were obtained 
from field experiments where treatments 
were applied in the usual manner. The 
field plots were one row wide and no less 


Table 7.—Ovicidal efficiency of parathion and 
several other organic phosphorous insecticides. 
Field sagen, second brood, 1951. 


Pan C ENT 





Rate 
PER 100 
GaLs.! 


Control 
Effi 


Tora. 
EacGs 


MATERIAL AND 
FORMULATION | 


Hatch ciency 


Parathion (15% w.p.) 
Parathion (15% w.p.)? 
Metacide (50% emul.) 
Malathor (25% w.p.) 
Malathon (25% w.p.) 
EPN (27% w.p.) 
Systox (25% w.p.) 
Diethoxy thiophosphoric 
ester of 4-methyl 7- 
hydroxy coumarin 
(25% w.p.)8 
Untreated 


~2 <3 +) 0) 09 4) 2 
Or Or Sr Gr Gr Ot Ge Or 


Cm > rt O20 


16 ozs. 


S 


Series 2 
4 ozs. 
8 ozs. 
16 ozs. 
24 ozs. 


34. 
20. 
12. 

8. 
77 
80 

9. 
78 


0 W.p.) 
0 W.p.) 
0 W.p.) 
w.p.) 


Parathion (1! 
Parathion ( 


Untreated 
Parathion (15% w.p.)5 
Untreated 


NI QI 
Or Gr Gr Gr Gr Gr Gr 


16 ozs. 


Swouccorn 


s 


{CONOMIC ENTOMOLOGY 





1 Spreader-sticker, 
wettable powders. 


2 Spray contained low soluble copper (55% copper), 2 Ibs. 


lime, 4 lbs. and miscible oil, 1 qt. 
* Potasan. Geary Chemical Corporation. 
4 Miscible oil, 0.5 pt. per 100 gallons, 
5 Water and spreader sticker. 


4 ounces per 100 gallons, in sprays with 
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Table 8.—Ovicidal efficiency of parathion and 
malathon under laboratory conditions, 1950. 








RATE PER 
100 GALs. 
(oz.) 


Control 
Efficiency 


Toran 
Eaes Hatch 
Pynaliiion (15% w.p.) 
4 1605 18.0 70.6 
8 1866 6.8 88 .$ 
16 1657 2.6 95. 
24 1563 Wy 97.2 
$2 1213 1.0 98. 
48 2298 0.4 99. 
Controls 2557 61.1 


Malathon (16% w - ) 
8 752 46 
16 681 27 6 
32 605 10.4 
48 1051 5.3 
Controls 906 64.1 





40 vines in length. Unless indicated other- 
wise, a commercial spreader was included 
in the spray mixture. 

OvicipaL Trsts.—The object of this 
phase of the investigation was to deter- 
mine the ovicidal efficiency of six organic 
phosphorous insecticides. All tests in the 
field were made on normal infestations 
of eggs as laid by second brood moths. 
There were two such experiments, in 
one all of the insecticides were compared 
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Fic. 1.—Graphic presentation of ovicidal data ob- 
tained with several concentrations of parathion 
and malathon, 
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Table 9.—Response of 75 eggs! that were killed 
b: parathion, 1.5 pounds of the 15 per cent 
product in 100 gallons of water. 








Per CENT IN 
Eacu Ciass 


[DeVELOPMENT OF Eaa 
‘To fully formed larvae 78.7 
Embryo not visible 21.5 








1 Untreated eggs gave 80 per cent hatch. 


with parathion and in the other parathion 
was used at four concentrations. Samples 
of berries, each with one or more eggs, 
were collected from the plots within 24 
to 36 hours after the spray applications 
were made. The only berries selected were 
those obviously covered with spray. Any 
egg shells present at the time of collection 
were removed to avoid complications. 
In order to facilitate handling, the berries 
were pinned to a piece of pasteboard with 
common household pins. 

An additional ovicidal experiment was 
also carried out in the laboratory where 
parathion and malathon were compared 
at four or more concentrations. Details 
of the procedures used to rear moths and 
to obtain eggs for the study have been 
published, Taschenberg (1951). As _ re- 
ported here, moths were permitted to 
deposit eggs on grapes of the variety 
Vinefera purchased from local fruit mar- 
kets. Usually in the present experiments 
a sufficient number of eggs for a series of 
tests were not obtained in one day. Thus, 
it was necessary to accumulate the de- 
sired number of eggs over a period of three 
days. All berries with eggs deposited in a 
twelve hour period were stored at a 
temperature of 60°F. Before applying 
the treatments, each berry was snipped 
from the cluster leaving all of the pedicel 
attached. To facilitate handling, the 
berries were suspended from a wooden 
strip 1.5 by 0.25 by 24 inches, each of which 
hore 12 berries. This was accomplished 
by using a hook-clamp device prepared 
from a paper clip opened to form a S- 
shaped hook and a card clamp.' The lat- 
ter was attached to the pedicel of the 
berry. 

The treatments in the laboratory were 
applied in a spray chamber. Prior to treat- 
ing, the berries were hung individually 
from hooks on a support mounted in the 
center of a turntable. In the course of the 
spraying procedure the berries were ro- 
‘ated in a manner to insure complete cov- 
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erage of the total surface of each berry. A 
paint spray gun’ equipped with an H noz- 
zle was used to apply the treatments. The 
gun was operated at a feed pressure of 
20 pounds and an air cap pressure of 60 
pounds. 

The treated berries from all ovicidal 
tests were placed in a screen insectary 
along with untreated controls. An exam- 
ination of the eggs was made with the aid 
of a binocular microscope within 8 to 10 
days after treating, the time required for 
complete hatch of eggs on the controls. 
The control efficiency of the treatments 
was computed by Abbott’s formula 
(1925). 

Details on the organic phosphorous 
insecticide treatments applied as ovicides 
are set forth in tables 7 and 8. Data ob- 
tained from field tests comparing the 
different materials are given in series 1, 
table 7. All of the insecticides exhibited 
some toxicity to eggs but of the group 
parathion proved to be the most effective. 
The ovicidal performance of parathion in 
combination with lime, low soluble cop- 
per and oil was similar to that of the 
treatments which included no lime. Al- 
though less efficient than parathion, 
metacide and the wettable powder of 
malathon at the 2-100 rate gave slightly 
above 75 per cent control efficiency. The 
results were poor with EPN, Systox and 
diethoxy thiophosphoric ester of 4-methy| 
7-hydroxy coumarin. 

Supplemental data on the toxicity of 
parathion to grape berry moth eggs under 
field conditions are presented in series 2, 
table 7 and fig. 1. Evidence to substan- 
tiate field records on the ovicidal efficien- 
cy of this material is found in the data 
from laboratory tests (table 8 and fig. 1). 
At the 1-100 rate in the laboratory the 
control was 95 per cent, whereas in two 
field tests the efficiency was 85 and 92 per 
cent. Included in table 8 and fig. 1 are 
results with different concentrations of 
malathon. A treatment with three pounds 
of malathon was less effective than para- 
thion at the 1-100 rate. 

Earlier observations indicated that 
many eggs reached “black-spot”’ stage 
of development on fruit treated with 
parathion but failed to hatch, Taschen- 
berg (1950). Some further studies were 
made to determine whether embryonic 


1 No. 87 Denison card holders. 
2 DeVilbiss WDA gun. 
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development continued after the eggs 
were sprayed with parathion. Within 24 
hours after the treatment was made, 
berries with eggs were collected. At the 
same time a similar number of eggs were 
gathered in the untreated plot. For this 
study the only eggs included were those 
showing no signs of embryonic develop- 
ment to the unaided eye at the time of 
collection. After an incubation period of 
8 days the hatch was completed on the 
control. It is evident from the data in 
table 9 that after eggs are treated with 
parathion, embryonic growth continues 
until the embryo appears to be fully 
developed but it fails to emerge from the 
egg. 

LarvicipaL Trsts.—The larvae in- 
volved in tests described here were present 
within the berries at the time of treating. 
Parathion has been reported to be toxic 
to grape berry moth larvae feeding inside 
the fruit, Taschenberg (1950). The in- 
secticides were tested against first and 
second instar larvae of both the first and 
second brood. Information on the effec- 
tiveness of the treatments was obtained 
by microscopic examination of infested 
berries within 4 to 5 days after the applica- 
tion. No record was kept unless the larva 
was found. In another test each of the 
materials was compared at three con- 
SeC- 
third instar larvae of the 


centrations on a population of first, 
ond and some 






Table 10.—Comparative efficiency of insecti- 
cides applied against established first and second 
brood larvae. First brood treatment applied July 
10, second brood on — 24, 1951. 





F IRST SECOND 

Broop Broop 

Ist AND IST AND 
2ND 2ND 

Instan INSTAR 

Rate LARVAE LARVAE 

peER 106 (Percent (Per cent 
MATERIAL AND FORMULATION GaALs.! kill)? kill)8 
Parathion (25% w.p.) 16 ozs. 100 96 
Parathion (25% w.p.)! 16 ozs. 100 100 
Parathion (25% w.p.)° 16 ozs. 100 98 
Malathon (25% w.p.) 16 ozs. 100 40 
Malathon (25% w.p.) 24 ozs. 100 64 
EPN (27% w.p.) 16 ozs. 100 42 
Diethoxy thiophosphoric ester 16 ozs. 100 24 

of 4-methyl 7-hydroxy cou- 
marin (25% w.p.)6 

Systox (25% w.p.) 16 ozs. 100 56 
Metacide (50% emul.) 8 fl. ozs. 100 
Untreated 0 0 





1 Unless otherwise indicated, spreader-sticker added at rate of 
4 ozs. per 100 gallons. Also, low soluble copper (55% copper), 
at 0.75-100 rate. 

2 20 larvae examined in each treatment. 

3 50 larvae examined in each treatment. 

4 Spre ader-sticker, miscible oil, 0.5 pt. in 100 gallons. 

5 Spray contained low soluble copper (55% copper), 2 lbs., 
lime, 4 Ibs. and miscible oil, 1 qt. in 100 gallons. 
6 Potasan. Geary Chemical Corporation. 
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second brood. Since there was consider 
able variation in the infestation within 
the block, the three dosages of each in- 
secticide were compared with two un- 
treated plots. A sample of 100 clusters 
was taken from 20 vines in each plot and 
the five clusters were picked at random 
from each vine. The larvae that survived 
the treatments were reared to the pupal 
stage. 

According to data presented in table 10, 
all insecticides gave perfect kill of first 
brood larvae, whereas against the second 
brood there were marked differences in 
the performance of the materials. It is 
doubtful that one brood of larvae is more 
susceptible than the other. The idea that 

real differences do exist in the larvicidal 
pica of the materials is verified by the 
results given in table 11. This variation 
in the effectiveness of insecticides against 
the broods may be attributed to certain 


Table 11.—Efficiency of several organic phos- 
phorous insecticides against larvae established 
in the berries. Results based on larvae re«red to 
pupal stage, 1951. 





PUPAE Per 





Rate PER 100) = =Cenrt 
PER 100 Cius- — Repvc- 
MATERIAL AND ForMULATION  Gats.! TERS TION 
Series]? 
Parathion (15% w.p.) 4 ozs. 150 67 
Parathion (15% w.p.) 8 ozs. 39 91 
Parathion (15% w.p.) 16 ozs. 5 99 
Parathion (15% w.p.) 24 ozs. 5 99 
Untreated 154 
Series 2° 
Parathion (15% w.p.) 8 ozs. 27 87 
Parathion (15% w.p.) 16 ozs. ll 95 
Parathion (15% w.p.) 24 ozs. 2 99 
Untreated 201 
Metacide (50° emul.) 4 fl. ozs. 80 65 
Metacide (50°% emul.) 8 fl. ozs. 10 96 
Metacide (50° emul.) 16 fl. ozs. 4 98 
Untreated 230 
EPN (27% w.p.) 8 ozs. 29 86 
J I 

EPN Le Jo W-P.) 16 ozs. 19 91 
EPN (27% w.p.) 32 ozs. 14 93 
Untreated 208 
Malathon (25% w.p.) 8 ozs. 180 ‘ 
Malathon (25% w.p.) 16 ozs. 154 51 
Malathon (25% w.p.) 32 ozs. 134 58 
Untreated 317 
Diethoxy thiophosphoric ester — 8 ozs. 346 26 

of 4-methyl 7-hydroxy cou- 

marin (25°% w.p.)4 
Diethoxy thiophosphoric ester 16 ozs. 245 8 

of 4-methyl 7-hydroxy cou- 

marin (25% w.p.)* 
Diethoxy thiophosphoric ester 32 ozs. 170 6+ 

of 4-methyl 7-hydroxy cou- 

marin (25% w.p.)4 
Untreated 469 
Systox (25% w.p.) 8 ozs. 351 21 
Systox (25% w.p.) 16 ozs. 340 24 
Systox (25% w.p.) 32 ozs. 310 30 


Untreated 446 





1 Sprays of wettable powders contained spreader-sticker, 4 0zs 
per 100 gallons. 

2 Population of larvae, first and second instar. 

3 Population of larvae, first, second and some 
larvae. 
‘Potasan. Geary Chemical Corporation. 


third instar 






































February 1953 


physical conditions of the fruit. These 
ure: the nature of the berry surface at 
‘arious times on the season and the type 
of injury caused by each brood of larvae. 
lhe fruit is more easily wet by spray dur- 
ing the early part of the season. At this 
time, also, some of the injured berries 
are webbed together. Berries entered by 
the later first brood larvae crack. Thus it 
hecomes apparent that such conditions 
favor the accumulation of insecticides 
at the feeding site. 

From the data in tables 10 and 11 it is 
seen that parathion kills the younger 
larvae feeding within the berries. These 
results are in agreement with those pub- 
lished earlier. At the 1-100 rate lime plus 
low soluble copper and oil failed to de- 
crease the larvicidal effectiveness of 
parathion. The miscible preparation, 
metacide, proved to be as effective as 
parathion. The other insecticides showed 
little promise as larvicides. Additional 
results on the toxicity of the insecticides 
to larvae are given in table 11. These 
data substantiate the records from the 
microscopic examination of fruit infested 
with second brood larvae (Table 10). In 
this experiment EPN proved quite ef- 
fective. 

Tests ON Pupar.—Most first brood 
larvae prepare cocoons on the green grape 
foliage. Some cocoons are likely to con- 
tain pupae at the time the final treatments 
are made in the regular schedule. Prelimi- 
nary tests were conducted to determine 
the effect of spray treatments on pupae. 
Freshly collected leaves with one or more 
cocoons containing pupae were used in 
this study. These leaves were pinned at 
random on the foliage of vines to be 
treated and in a way so the position of the 
cocoon was natural. Within three hours 
after treating the cocoons were snipped 
from the leaves and placed in screen 
cages where the moths were allowed to 
emerge. The chief concern when taking 
data was moths emerged and dead pupae. 
Cocoons with dead larvae and parasitized 
purpae are omitted from the record given 
herein. Each treatment was represented 
by 40 or more dead pupae and adults. 
The results were calculated on the basis 
of this number because of the variation 
in size of population for each test. Par- 
athion and EPN were compared at two 
concentrations and the data are given in 
table 12. At the 2 to 100 rate both in- 
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Table 12.—Results of treatments applied 
against pupae, 1951. 








NUMBER 

Rate PER Morus 
100 Gats. Emercep 
(Ibs.)* (40 pupae) 


Per Cent 
EMERGENCE 


MATERIAL AND 
FORMULATION 


Parathion (15° 
Parathion (154 
EPN (27% w.p.) 0 24 
EPN (27% w.p.) 2.0 25 
Untreated 28 


15% w.p.) 1.0 30 
15% w.p.) 2.0 26 
iE 


se 
ro 
© 
). 





1 Sprays contained du Pont spreader-sticker at rate of 4 


ounces per 100 gallons, 

secticides were ineffective against the 
pupae. It was observed that many para- 
sites feeding within the pupae were also 
unaffected by the treatments. 

DiscussIoON AND ConcLusions.—On 
the basis of preceding data and published 
reports, it is evident that DDT is one of 
the most effective chlorinated hydro- 
carbons for the control of the grape berry 
moth. Commercially the performance has 
been similar to that obtained experi- 
mentally. A schedule of three applica- 
tions of DDT at the 1.5 to 100 rate is 
sufficient for commercial control. The 
program practically eliminates the grape 
leafhopper, Erythroneura comes, Say, and 
provides protection against the grape 
rootworm, Fida viticida, Walsh. How- 
ever, the harvest residues are usually 
high, 7 ppm. or above. Lower concentra- 
tions were tried as a means of decreasing 
the residue. With less than 1 pound of 
the 50 per cent DDT the control was in- 
ferior to that with the regular program. 
The abbreviated schedule of two sprays 
that showed promise included a delayed 
treatment for the first brood and a timely 
second brood spray. At present it is 
questionable whether such a program 
would markedly reduce the amount of 
spray residue. By delaying the applica- 
tion for the first brood some berries are 
injured but many of these drop from the 
cluster by the latter part of the season. 

Methoxychlor has been tested for sev- 
eral seasons and was observed to be quite 
effective in a schedule of three sprays. 
The data show that the control efficiency 
with this material was always slightly 
less than with DDT. As would be ex- 
pected, this difference is more pronounced 
with a two spray schedule. 

Parathion has given results comparable 
to those obtained with DDT. In earlier 
studies three sprays with a dosage of one 
pound of 25 per cent parathion gave a 
high degree of control. At the same rate 
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the 15 per cent powder was found to be 
equally efficient. The records from tests 
with abbreviated programs and reduced 
dosages further demonstrate the effec- 
tiveness of the material for grape berry 
moth control. At least two of the grape 
sprays contain either bordeaux mixture 
or low soluble copper and lime. Parathion 
was combined with these fungicides in 
schedules of two and three sprays with- 
out a reduction in the insecticidal per- 
formance. 

Parathion offers direct protection for 
only a relatively short period, five to 
seven days or less. Thus, it is of interest 
that the material has proved so effective. 
In this connection the ovicidal and lar- 
vicidal performance is worthy of con- 
sideration. Parathion is quite toxic to the 
eggs; at the dosage employed in the field 
the ovicidal efficiency is 85 to 92 per cent. 
Moreover, young larvae feeding within 
the berries are killed by this material. 
In this respect parathion differs from other 
organic phosphorous materials tried, with 
the exception of metacide. 

The insecticide EPN has not proved as 
effective as parathion in tests against 
eggs and larvae established within ber- 
ries. However, this material has given 
excellent commercial control indicating 
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that it provides satisfactory protection 
against newly hatched larvae. In various 
programs the results were comparable to 
those with DDT and parathion. On the 
basis of observations to date, the per- 
formance of EPN may be attributed 
primarily to the fact that the spray de- 
posit affords protection for a long period. 

SumMArRy.—Included in the experi- 
ments to evaluate materials for grape 
berry moth control were six chlorinated 
hydrocarbon and six organic phosphorous 
insecticides. Representatives of the former 
group which proved to be effective were 
DDT and methoxychlor. The test ma- 
terial, Q137, showed promise. Aldrin, 
dieldrin and heptachlor proved ineffec- 
tive. Of the organic phosphorous insecti- 
cides, parathion and EPN were found to 
give good control. Parathion exhibited a 
marked ovicidal toxicity and killed a 
high percentage of the larvae feeding 
within the berries. When applied in a 
schedule of three sprays, metacide and 
diethoxy thiophosphoric ester of 4-methy| 
7-hydroxy coumarin performed well. The 
wettable powder of the latter material, 
as well as Systox and malathon, gave poor 
control when applied in an abbreviated 
schedule of two applications. 
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Evaluation of Petroleum and Vegetable Oils on 
Grape Berry Moth Eggs’ 


E. F. Tascuensera, New York State Agr. Expt. Station, Geneva, N. Y. 


Within the last decade petroleum oils as 
applied for insect and mite control on 
fruit crops have been the thesis of inten- 
sive study at this station. The investiga- 
tion has included studies on physical and 
physiochemical properties of petroleum 
oils and the relationship of these qualities 
to insect control. It is evident from the 
data that insecticidal performance is de- 
pendent on structural composition of the 
petroleum fractions. Evidence to support 
the correlation of control efficiency with 
“paraflinicity’” has been obtained for 
most of the species that are susceptible to 
tree spray oils. These species have been 
listed by Pearce et al. (1948). These in- 
vestigators, using oriental fruit moth eggs, 
also demonstrated that a definite relation 
exists between the molecular weight of 
hydrocarbons in oils and ovicidal per- 
formance. Hydrocarbons of low molecular 
weight were virtually worthless as ovi- 
cides. It was concluded that conventional 


spray oils are likely to contain consider- 
able amounts of small molecular size hy- 
drocarbons which have little or no in- 
secticidal value. All of the investigations 
on petroleum oils as tree sprays were con- 
ducted in the field or under conditions 
comparable to those occurring there, and 


only natural or plant surfaces were 
treated. 

Tue Prosptem.—Prior to the introduc- 
tion of DDT the grape berry moth, 
Polychrosis viteana, Clem. was controlled 
with a schedule of two lead arsenate 
sprays followed by two or three of fixed 
nicotine. The arsenical was combined 
with bordeaux mixture, nicotine sulfate 
and a supplement to spread and stick the 
insecticide and fungicide. In an attempt 
to increase the efficiency of arsenical- 
bordeaux treatments, a miscible oil was 
substituted for the spreader-sticker com- 
monly used. The purpose of the oil was 
two fold: to give the spray ovicidal prop- 
erties, and to increase wetting and ad- 
hesiveness of the spray mixture. In the 
endeavor to accomplish this objective, 
use was made of the information already 
available on the effectiveness of different 


oils. 


In reviewing what has been reported as 
to the effect of solids and colloidal ma- 
terials on the performance of oil sprays, 
both dormant and verdant treatments are 
considered. Usually the oil is the primary 
insecticide in a dormant spray, and in cer- 
tain cases it is combined with bordeaux 
mixture which serves as an emulsifier and 
fungicide. In contrast the verdant oils are 
seldom applied as the primary insecticide 
principally because of the egg laying 
habits of the insects to be controlled. Fre- 
quent applications of oil sprays would be 
necessary because the treatments are ef- 
fective only against eggs deposited before 
time of application; eggs laid on most oil 
deposits are not killed. The oils are gen- 
erally added to a larvicide spray or to 
those containing both a larvicide and 
fungicide like bordeaux mixture. Besides 
the ovicidal action of the oil in such sprays 
the performance of the combination is 
likely to be improved, probably because of 
increased wetting and sticking due to the 
emulsifier and oil. 

The work of de Ong et al. (1927) is of 
interest in this connection. According to 
these workers, lime, kaolin and other 
earths are capable of absorbing oil, and 
with an increase in the amount of these 
materials a greater quantity of oil is ab- 
sorbed. They assumed free oil to be the 
effective agent and considered absorbed 
oil to be a permanent loss. Bordeaux mix- 
ture has been reported to have a definite 
effect on the performance of oil treat- 
ments. The results on control of Aspidio- 
tus perniciosus (Comstock) published by 
Porter & Sazama (1930) reveal that bor- 
deaux mixture (4-6-100 and 8-12-100) de- 
creased the effectiveness of a dormant 
spray containing less than 1.5 per cent 
oi!. With a verdant treatment the reduc- 
tion occurred when the concentration of 
the oil was below 2 per cent. Bordeaux 
mixture (6-6-100) caused some decline in 
the performance of a 4 per cent oil spray 
against the cottony peach scale, Pulvi- 
naria amygdali (Ckll.) (Harman 1927). 
On this pest, a definite reduction in con- 


1 Journal Paper No. 902, New York State Agricultural Ex- 
periment Station, Geneva, New York, June 30, 1952. 
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trol was recorded by Wheeler & Oberle 
(1948) for a treatment of bordeaux mix- 
ture (5-5-100) and a 4 per cent oil. The 
limited oil deposit data indicated that the 
spray gave a light deposition of oil. Data 
from ovicidal studies on fruit tree leaf 
roller, Archips argyrospila, (Wlkr.) re- 
ported by Chapman et al. (1941) showed 
that bordeaux mixture (1-2-100) as an 
emulsifier caused only a slight decrease in 
the efficiency of a spray with a 4 per cent 
highly paraffinic oil. The amount of oil 
deposited was somewhat less than with 4 
ounces of blood albumin. 

The effect of bordeaux mixture (2-6- 
100) and lead arsenate on an 80-83 per 
cent summer oil emulsion was observed on 
codling moth eggs by Hough & Jefferson 
(1936). They found the ovicidal efficiency 
to be reduced when the concentration of 
the emulsion in the spray was less than 1 
per cent. No data were included on rela- 
tionship of oil deposit to egg kill. 

The oil deposit necessary for 95 per cent 
kill of oriental fruit moth eggs was re- 
ported to be 2.9 mgs. by Pearce (1946),’ 
but when lead arsenate was added to the 
oil sprays 3.3 mgs. of oil were required for 
the same kill. It was also found that a 
commercial nicotine-bentonite insecticide 
caused no decrease in the performance of 
the oil, but it reduced the amount of oil 
deposited. 

In the investigation reported here sev- 
eral verdant petroleum oils of different 
structural composition were evaluated. 
Another object of the study was to deter- 
mine the effect of lead arsenate alone and 
with bordeaux mixture on the ovicidal 
efficiency and oil deposit of a paraffinic 
type of petroleum fraction. The experi- 
ments were conducted under laboratory 
conditions on grape berries. This was 
necessitated by nature of egg deposition 
under field conditions. Furthermore, it is 
virtually impossible to obtain in the field 
the uniform spray deposit needed in the 
studies. 

MATERIALS AND PRocEDURES.—A se- 
ries of five verdant or summer petroleum 
fractions, coded as M 20, A 20, H 20, 
D 20 and D 21, were selected for the 
studies. Oils M 20, A 20 and H 20 are rep- 
resentative of fractions high in paraffinic 
structures, whereas D 20 and D 21 are 
naphthenic oils. Both D 20 and H 20 con- 
tain relatively high amounts of aromatic 
and unsaturated structures. Detaiis on 
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the physical and physiochemical proper- 
ties of the oils are presented in a paper by 
Chapman ef al. (1943). The same oils and 
code numbers are used here as were em- 
ployed in this paper. Information on 
source of crude, refining process and color 
of oils, along with suppliers, is given in 
table 1. Although the content of paraffinic 
structures is somewhat less in oil A 20 
than in fraction M 20, the former was se- 
lected for use generally. It is representa- 
tive of commercially available paraffinic 
oils. 

Table 1.—Source of crude, refining process 
and color of petroleum oils! used. 





REFINING 
Process 


ORIGIN OF 
CRUDE CoLor 

White 

Straw 

Light brown 

White 

Light blue 


Ors 


Heavy acid 
Solvent process 
Conventional 
Heavy acid 
Conventional 


M 20 Pennsylvania 
A 20 Mid-continent 
H 20 Pennsylvania 
D 20 Texas (coastal) 
D 21 Texas (coastal) 





1 Supplied by: 

M 20 L. Sonneborn Sons, Incorporated, 

A 20 Socony-Vacuum Oil Company. 

H 20 United Refining Company. 

D 20 Sun Oil Company. 

D 21 Sun Oil Company. 

Fruit of the varieties grown commer- 
cially in New York could not be procured 
in the winter months when these tests 
were conducted. Berries of the Vinefera 
varieties, such as Tokay and Emperor, 
were employed as oviposition media. De- 
tails of procedures followed to rear moths 
and obtain eggs for the studies have been 
described by the writer (1951). The tech- 
niques made use of in the preparation of 
berries for treatment are described in an 
earlier paper (Taschenberg 1952) which 
also includes the manner in which the 
sprays were applied. In all tests reported 
here, the treatments were made with two 
spray guns* mounted 15 inches apart on a 
vertical standard and stationed at a dis- 
tance of 30 inches from the berries. Both 
guns were tilted, one upward and the 
other downward so the spray stream just 
converged on the fruit. The number of 
berries and replications varied with the 
experiment. When the purpose of the 
tests was to compare sprays of different 
oils, duplicate lots of 8 to 10 berries each 
were treated. In the other experiments, 
each treatment was represented by three 
lots, each composed of from 15 to 20 ber- 
ries. 

2 Pearce, G. W. 1946. The relation of molecular size and 
structural constitution of saturated petroleum fractions to in- 


secticidal efficiency. Ph.D. Thesis, Pennsylvania State College. 


3 DeVilbiss WDA. 





hebruary 1953 


After the sprays had dried, the treated 
lots of berries were stored at a constant 
temperature of 80° F. for 7 days. A satu- 
rated sodium chloride solution was used 
to maintain a humidity of approximately 
76 per cent. In taking data the eggs were 
recorded as hatched and unhatched, and 
all counts were made with the aid of a 
binocular microscope. The results of the 
ovicidal tests are presented as per cent 
hatch and per cent control efficiency. This 
latter value was calculated by Abbott’s 
formulae. Attention is called to the fact 
that egg mortality due to natural causes 
was high on some of the untreated con- 
trols. The egg hatch in the untreated for 
different experiments varied from 67.2 to 
80.1 per cent. 

In this investigation seven emulsifying 
agents were compared in a preliminary 
manner, but only three were used exten- 
sively. Two were soluble in the oils and 
the other was water soluble. Sodium 


lauryl sulfate is a representative of the 
latter group. All emulsions were prepared 
in a hand operated homogenizer‘ when the 
emulsifying agent was water soluble, and 
the procedure followed has already been 
described in another paper (1952). Both 


of the oil soluble emulsifiers have been as- 
signed a code and are referred to as 
emulsifiers B® and C® throughout the 
paper. Emulsifiers of this type were com- 
bined with the oils to make miscible oils. 
To insure thorough mixing the combina- 
tion was stirred for 10 minutes with an 
electric stirrer. All aliquots taken from 
stocks of miscible oils for the tests con- 
tained the actual amount of desired oil 
plus the emulsifier. 

A definite procedure was followed in the 
preparation of the lead arsenate and bor- 
deaux sprays. Bordeaux mixture was 
made by combining 300 cc. of lime water 
and a like volume of copper sulfate solu- 
tion, and then the suspension of lead arse- 
nate was added. After these components 
were thoroughly mixed the oil was added 
either in the form of a miscible prepara- 
tion or as an emulsion diluted to 100 ce. 
with water. The spray mixture was con- 
tinually agitated in the course of prepara- 
tion and dilution. 

For each test in certain experiments 
two additional samples of 15 berries each 
were washed and prepared for treatment 
in the same way as the berries on which 
the eggs were collected. Both lots were 
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sprayed at the same time as the treat- 
ments were applied to berries with de- 
posits of eggs. Oil deposit determinations 
were made on the samples by a colori- 
metric method developed at this station 
by Pearce et al. (1948). By this method it 
is. possible to determine small amounts of 
oil. As part of the procedure the oil was 
partially saturated with Oil Red O prior 
to the preparation of sprays. Whether this 
amount of dye is toxic to berry moth eggs 
was not determined. However, Pearce et 
al. (1948) found Oil Red O as used for this 
purpose to have no ovicidal effect on ori- 
ental fruit moth eggs. 

In order to calculate the amount of oil 
per unit of berry surface, the volume of 
the 15-berry sample was determined soon 
after the oil was extracted. The volume 
was measured by determining the number 
of cubic centimeters of water displaced 
by the entire sample of berries in a 250 ce. 
graduated cylinder. The berries were 
assumed to be spheres, and _ the 
area was calculated by the equation: 
A=wW/36XV? X27 XB, where A= total area 
of the sample in square centimeters, 7 
the value 3.1416 and B the number of 
berries in a sample. The oil deposit per 
square centimeter is calculated by divid- 
ing the net amount of oil by the number 
of square centimeters of berry surface. 

The surface is readily calculated by the 
equation when the voume is known and 
the berries assumed to be spheres. Never- 
theless, it was recognized that the berries 
used tend to be ellipsoidal in shape and 
should have a greater surface area than 
a sphere. The surfaces were calculated for 
five berries that exemplified the greatest 
variations in diameters. With each berry 
the measurements represented the aver- 
age diameter for a sample of 15 berries. 
The differences in area of each berry as 
an ellipsoid and as a sphere having corre- 
sponding volumes ranged from 0.7 to 1.8 
per cent and averaged 1.1 per cent. This 
variation is within the error of the meas- 
urements. 

Discussion oF Resuutrs—In_ the 
studies comparing various emulsifiers, 
oil M 20 was employed at the rate of 
2 quarts per 100 gallons. Due to space 
limitations the results are not recorded 
in tabular form. Instead the data are 


4 Will Corporation, Rochester, New York. 
5 Napeo 1316V—National Oil Products Company. 
6 B1956—Rohm and Hass Company. 
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dispensed with by a few remarks as to Table 2.—Efficiencies of five petroleum oils as 
the effectiveness of these materials. It Visides used at 0.5 per cent concentration. 


was observed that sprays in which the 
oil soluble emulsifiers’? were tried gave Tee at, 
perfect kill of eggs. Of the water soluble NuMBER Control 
emulsifying agents* only three performed Ou! Eaes Hatched _ Efficiency 
as well as the oil soluble agents. The M 20 ius 26 ws 
emulsifiers, blood albumin and_ lignin A 20 85 42. 47.4 
pitch,® were the least satisfactory of the H 20 94 56. 29.6 
group. This difference was probably due D 21 95 62. 22.5 

to incomplete wetting and _ spreading. és otP rd ’ =e 
Attention is called to the fact that one mene tie 

part of emulsifier B was combined with 1 Emulsified with blood albumin at rate of 2 ounces actual 
four parts of oil, and one part of emul- _ >!od albumin per 200 gallons. 

sifier C was added to nine parts oil. These 








Per CENT 











. albumin, one of the poorer emulsifiers 
proportions are by volume. Such con- when used on grapes, it was possible to 
centrations of emulsifiers are higher than ow very substantial differences in the 
those usually employed. The basis for  Gyicidal efficiency of the oils. Oil M 20 
using these rates was a preliminary trial proved to be the most efficient. In table 
which indicated such amounts were 9g 4 detailed record of the ovicidal per- 


necessary for good coverage of Concord formance of the verdant petroleum frac- 
grapes treated under field conditions. 


The data from tests with five verdant 7 Emulsifiers B and C, also Mul-Si-Mo, Garfield Williamson 


Company 


petroleum oils at a 0.5 per cent concentra- _~*INISI and IN187, E. I. du Pont de Nemours Co., and 
° . . ys C.S.S., Colloidal Products C orporation. 
tion are given in table 2. With blood yr nd ry 


Table 3.—Comparative toxicity of five verdant petroleum fractions with three emuisifiers. 











EMULSIFIER A! EMULSIFIER B? EMULSIFIER C 





Per Cent Per Cent Per Cent 
Per Cent Total Control Total Control Total Control 
OIL IN Number Effi- Number Effi- Number Effi- 

SPRAY Eggs Hatch ciency Eggs Hatch ciency Eggs Hatch ciency 











Oil M 20 
0.125 248 33.5 58 . 9 143 14. 5 257 
0.25 2! 2.: : 112 4. 4 213 
0.50 26 0. ; 121 0. ; 214 


Oil A 20 
125 2 32. 9.§ 123 30.9 51.6 216 
25 56 13. 32 100 15.0 ; 224 
.50 é 0. . 120 0.0 : 212 


Oil H 20 
125 247 58 .§ 27.2 65 61. 216 
25 32! 0 bl. 119 25.2 8. 212 
.50 22 | _ 110 2 } 203 


Oil D 21 
212 9. Q.{ — 226 
190 57. 8. — 199 
182 : : a 229 


Oil D 20 
0.12: 203 , 5. 104 69.2 22 
0. 302 ‘ 15.5 114 64.9 19. 25 
0. 184 a1. 23. 93 45.2 22 


Untreated 1640 80. 1640 80.1 1640 





1 JN181—sodium laury] sulfate, E. I. du Pont de Nemours Co., 1.5 ounces. 
2 Napeo 1316V—National Oil Products Co., 1 part with 4 parts oil. 
3 B1956—Rohm and Haas Co.. 1 part with 9 parts oil. 
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‘ions at three concentrations is presented, 
and the table also includes the results 
with three emulsifying agents, namely, 
sodium lauryl sufate and emulsifiers B 
and C. The most significant point re- 
vealed by the results in tables 2 and 3 
is the difference in toxicity of petroleum 
oil to eggs of grape berry moth. Oil M 20, 
which is highly paraffinic, was superior 
to the other oils and with a concentra- 
tion of 0.25 per cent killed 95 per cent or 
more of the eggs. It is evident that with 
a decrease in paraffinic structures the 
oils became less toxic. The least effective 
fraction, D 20, is highly aromatic in 
composition. The results substantiate 
those recorded by Chapman et al. (1943) 
for the oils on eggs of codling moth, 
oriental fruit moth and eye-spotted bud 
moth, Spilonota ocellana (D. & S.). They 
found the paraffinic oils to be most effi- 
cient. The difference in toxicity obtained 
with three emulsifiers may in part be ex- 
plained by oil deposition and distribu- 
tion on the grape berries. 

In table 4 data are given on the ovicidal 
efficiency of oil M 20 as affected by a 


Table 4.—Efficiency of oil M 20 at 0.25 per 
cent concentration alone, with different formulae 
of bordeaux mixture and lime. 








Per CENT 





Toran 
NUMBER 
EaGs 


Control 
Efficiency 


ADDITIVE TO 


O1n Spray! Hatch 





Oil alone 130 3. 95.2 
Bordeaux formulae 
1-2-100 105 e.¢ 5 
2-4-100 110 4. 94. 
4-6-100 86 14. 82. 
6-8-100 93 19. 76. 
8-8-1600 99 20. 74. 
10-10-100 116 26. 66. 
Lime, lbs. per 100 
gallons 
2 121 0. 99.6 
114 0.5 98 .¢ 
118 5.1 93. 


Untreated 1640 80.1 





1 Emulsifier B1956, one part and oil, nine parts by volume. 


bordeaux mixture and lime. Bordeaux 
mixture (1-2-100 and 2-4-100) caused no 
marked reduction in toxicity of the paraf- 
finie oil; however, stronger concentrations 
of the mixture definitely decreased effi- 
ciency. The results indicate that lime at 
rates up to 6-100 failed to reduce ovicidal 
performance appreciably. 

So far the results and discussion here 


were based on the concentration of oil 
in the spray mixture. At this point con- 
sideration is also given to the amount of 
oil actually deposited on the berries. In 
this connection it is pointed out that in 
presentation and discussion of data from 
the investigation on oil sprays Chapman 
et al. (1941 and 1943) and Pearce et al. 
(1948) employed the mortality value of 
minimum effective dosage (M.E.D.). 
The value represented the minimum 
amount of oil deposit necessary for 95 
per cent control efficiency. They presented 
reasons for selecting this point on the 
dosage mortality curve in studies on the 
comparative effectiveness of spray oils. 
Since the studies reported in this paper 
are closely related to these earlier in- 
vestigations, the term is made use of 
herein. The data on control efficiency and 


Table 5.—Results showing the effect of lead 
arsenate alone and with bordeaux mixture on 
ovicidal efficiency and oil deposit of petroleum 
fraction A 20. 








Om 
Deposit 
INMce. Toran — 
PER 100 NUMBER 
Se. Cm. Eaes 


PER Per Cent 
CENT 
Om IN 
Spray! 





Control 


Hatch Efficiency 





A 20 alone 
1250 40. 
1267 14. 
1339 3. 
1059 0. 
ad Arsenate, 3 lbs. 
1281 34. 
1248 19.6 
1253 6. 
961 0.3 
Jeaux Mixture 2-4-100 
991 37.6 
1166 11.3 
1084 6.8 91. 
A 989 2.3 97. 
Lead Arsenate, 3 lbs. + Bordeaux Mixture 2-4-100 
125 1.0 1291 35.4 
. 250 PY 1144 20.6 
.375 .6 1276 30.1 
.500 3.2 1171 4.3 
Lead Arsenate, 3 lbs.+ Bordeaux Mixture 4 
~é 
6 
3 
5 


Oe HS 


wows De wwor 


tr or 


— 
WME OF OHO 
es) | 


He oS a) 
Se ee Te Or 
Soe om =) 


= » om 


_ 
~ 
> 

=~ 
— 


125 1203 49.8 
. 250 1060 34.7 
375 : 995 27.3 
-500 2. 1062 24.6 
Untreated 1571 76.1 


aS Aue! 





1 Emulsifier B1956, one part and oil nine, parts by volume. 


oil deposit from additional studies on the 
effect of added materials to oil sprays are 


lod 


set forth in table 5. Also, in table 7 are 
results of oil determinations made on 
berries treated with four concentra- 
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tions of an oil emulsified with sodium 
lauryl sulfate. Fraction A 20 was em- 
ployed in this phase of the investigation. 
Lead arsenate and bordeaux mixture, 
alone and combined, reduced the ovicidal 
a eee 

performance of the oil. These results 
corroborate the findings of Porter & 
Sazama (1930) and Hough & Jefferson 
(1936). The approximate M.E.D. values 
for oil A 20 alone and in combination 
with lead aresenate and bordeaux mixture 

: : — A 
are given in table 6. From the results it 
is seen that a heavier oil deposit is re- 
Table 6.—Estimated dosage and concentration 


of oil A 20 in spray for 95 per cent control 
efficiency. 





APPROXIMATE MINI- 
MUM EFFECTIVE 
DosaGE BASED ON 


Mg. Oil 
per 100 
Sq. Cm. Per Cent 

Berry Oil in 
ApbpiTIvE To O1L Spray! Surface Spray 
Oil alone L& 375- 
Lead Arsenate, 3 lbs. 2.1 3875+ 
Bordeaux Mixture 2-4-100 3.0 .500— 
Lead Arsenate, 3 Ibs. 3 3 500+ 


Bordeaux Mixture 2-4-100/ 





1 Emulsifier B1956, one part and oil, nine parts by volume. 


quired for 95 per cent kill when the larvi- 
cide and fungicide is added to the oil 
spray. These materials caused no decrease 
in the amount of oil deposited. One pos- 
sible explanation for the decrease in kill 
is that the fungicide and larvicide inhibit 
the contact of oil with the eggs. This may 
be due to the absorption of oil by the 
added materials. A greater M.E.D. value 
was recorded for the oil spray which con- 
tained bordeaux mixture alone or with 


Table 7.—Efficiency and oil deposit with four 
concentrations of oil A 20 and emulsified with 1.5 
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lead aresenate then for the treatment of 
oil and arsenical. 

VEGETABLE O1Ls.—Concurrently with 
the investigation on petroleum oil sprays 
several vegetable oils were tried as ovi- 
cides. The reason for interest in these 
oils was that a miscible preparation of a 
vegetable oil!® was offered commerciall, 
as a spreader-sticker. As such it per- 
formed well with the bordeaux-lead ar- 
senate sprays on Concord grapes. The 
procedures and techniques followed in 
making the appraisal were the same as 
those described for experiments with 
petroleum fractions. A total of three oils 
were compared in the form of miscible 
preparations and were mixed in the pro- 
portions of one part of emulsifier C and 
nine parts of oil. According to drying 
properties the oils fall into three classes." 
Cottonseed oil! is listed as a semi-drying 
vegetable oil, peanut oil! as a non-drying 
oil of the olive oil type, and linseed oil” 
as a drying oil. Data on the ovicidal per- 


Table 8.—Efficiencies of three vegetable oils 
as ovicides. 





Per CENT 





Per CENT Toran 
OIL IN NUMBER Control 
SPRAY Kags Hatch Efficiency 
Cottonseed Oil 
0.063 406 27.3 65.8 
0.125 373 15.8 80.9 
0.250 433 3.9 95.1 
0.375 489 1.6 98.0 
0.500 258 0.0 100.0 
Peanut Oil 
0.063 449 25.6 68 .0 
0.125 386 19.0 76.3 
0.250 509 7.5 90.7 
0.375 572 3.3 95.9 
0.500 432 1.4 98.3 
Linseed Oil 
0.063 332 28.9 63.6 
0.125 380 19.5 18.7 
0.250 360 8.6 89.2 
0.375 472 2] 97.4 
0.500 332 1.5 98.1 
Untreated 719 80.0 





ounces of sodium lauryl] sulfate. 





Per Cent OIL 


OIL IN DEposit Tora. Per CENT 
Spray Mae. 100CmM2  Eaes CONTROL 
0.125 0.5 658 43.5 
0.250 1.8 758 74.0 
0.375 3.1 675 98.7 
0.500 3.8 706 100.0 





Untreated 1464 eggs—67.2 per cent hatch 
Approximate minimum effective dosage 2.9 
Mgs. per 100 Cm? 








1 Emulsifier B1956, one part, and oil, nine parts by volume. 


formance of the oils is presented in 
table 8. Cottonseed oil gave slightly 
better ovicidal performance than the 
other oils. At a concentration 0.25 per 
cent, this oil gave 95 per cent kill of eggs, 
10 One part of B1956 and 9 parts of cottonseed oil S.E.C. oil 
Rohm and Haas Company. Later prepared and distributed as 
Veg-Oil by G. L. F. Cooperative. 


1! Handbook of Chemistry and Physics. 
12 Eimer and Amend Company. 













z 





ee ORE 











EE a 


we 


s 
% 
a 





ih Tie 








i ebruary 1953 TASCHENBERG: OIL SPRAYS FOR GRAPE Berry Morn Eacs 91 


whereas approximately 0.375 per cent was 
necessary for the same control efficiency 
of peanut or linseed oil. 


Table 9.—Estimated dosage and concentration 
of cottonseed oil' in spray for 95 per cent control 
efficiency. 





APPROXIMATE MINI- 
MUM EFFECTIVE 
DosaGE BAsED ON 
Mg. Oil 
per 100 
COTTONSEED Oi PLus = Sq. Cm. Per Cent 
LARVICIDE AND Berry Oil in 








Borpeaux MIxtTurE Surface Spray 
Alone LS 0.25— 
Lead Arsenate, 3 Ibs. 1.8 0.25— 
Bordeaux Mixture 2-4-100 2.0 0.375— 
Lead Arsenate, 3 Ibs. 26 0.375 
Bordeaux Mixture 2-4-100 sa och 
Lead Arsenate, 3 lbs. 31 0.5+ 


Bordeaux Mixture 4-4-100/ 





' Emulsifier B1956, one part, and oil, nine parts by volume. 


Cottonseed oil was tried in combination 
with the components of the grape spray, 
namely lead arsenate and two formulae 
of bordeaux mixture. The approximate 
M.E.D. values obtained from this study 
are given in table 9. Here as was the 
case with petroleum oils lead aresenate 
and bordeaux mixture decreased the 
ovicidal efficiency of the vegetable oil. 


A higher concentration oil was needed 
in order to obtain the same kill as when 
the oil was used alone. 

SumMAry.—A series of petroleum oils 
were compared against grape berry moth 
eggs under laboratory conditions. Some 
oils were conventional products while 
others were highly refined. Ovicidal effi- 
ciency was found to be closely related to 
paraffinicity. Thus, the more efficient 
oils were those with a composition high in 
paraffinic structures. 

Bordeaux mixture and lead aresenate 
reduced the ovicidal efficiency of oil, and 
the reduction became greater as_ the 
strength of bordeaux mixture was in- 
creased. A greater oil deposit was -re- 
quired for 95 per cent kill when the arsen- 
ical and fungicide were added to the oil 
spray. Since these materials caused no 
reduction in oil deposit, apparently the 
decrease in ovicidal efficiency occurs be- 
‘ause the oil is absorbed or is otherwise 
engaged. 

Of the vegetable oils compared, cotton- 
seed, peanut and linseed oil, cottonseed 
oil is slightly superior to the others. A 
decrease in toxicity of cottonseed oil 
occurred when the spray contained lead 
arsenate and bordeaux mixture. The effect 
on oil deposition with the fungicide and 
larvicide was similar to that observed 
for the petroleum oil. 
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The control of thrips on onions is con- 
sidered a necessity in all the Southwest 
Texas areas of Laredo, Crystal City, 
Carrizo Springs and Eagle Pass. Onion 
thrips, Thrips tabaci Lindeman, limit the 
production of onions almost every year 
in these large onion-growing localities. 
Both plant production, which is exten- 
sive in the Crystal City-Carrizo Springs 
locality, supplying plants for northern 
growers, and the bulb crop must be pro- 
tected from onion thrips. Thrips migrate 
to cotton, beans, tomatoes, cucurbits, and 
other crops following onion harvest. 
Cucumbers and beans on the experiment 
station required control of thrips in 1952 
because of migration after the onion crop 
was harvested. 

Since growers have power dusting or 
spraying equipment, airplanes are used 
only when it is impossible to use their 
ground equipment. Rains or irrigations 
may prevent the use of ground equip- 
ment. 

DDT was the first of the new organic 
insecticides to be manufactured; there- 
fore, it was the first one tested for the 
control of onion thrips. Reports of good 
control with 5 per cent DDT have been 
made from several different states (Ash- 
down & Watkins 1948; Borden 1946; 
Chapman et al., 1945; Hoerner & 
Edmundson 1947; Hibbs & Ewart 1946; 
Lange 1946; Richardson & Wene 1952; 
Sleesman 1946; Wilcox et al., 1949). 
Several of the new organic insecticides 
now being produced have been reported 
to be superior to DDT for the control of 
onion thrips. 

Wene (1948) showed 1 per cent para- 
thion and a mixture of 0.5 per cent gam- 
ma benzene hexachloride plus 2.5 per 
cent DDT to be better than 5 per cent 
DDT in the control of onion thrips on 
onions. Fife et al. (1948) found that even 
5 per cent toxaphene was more effective 
than 5 per cent DDT in the control of 
onion thrips on cotton. 

Wene & Mayeux (1949) found a mix- 
ture of 5 per cent chlordane plus 5 per 
cent DDT, 3 per cent gamma benzene 
hexachloride, 20 per cent toxaphene, 1 


92 


Control of Onion Thrips in the Winter Garden 
Area of 'Texas 


Ben H, Ricuarpson, Winter Garden Experiment Station, Winter Haven, Texas 


per cent parathion, or 2.5 per cent aldrin 
(reported as “‘118”’) to be as efficient as a 
mixture of 2.5 per cent gamma benzene 
hexachloride plus 5 per cent DDT. Wil- 
cox & Howland (1950) found that 20 
per cent toxaphene, 2 per cent para- 
thion, 2.5 per cent aldrin, 10 per cent 
chlordane, 2 per cent gamma _ benzene 
hexachloride, or 2 per cent lindane were 
more effective than 10 per cent DDT. 
The results of Mayeux & Wene (1950) 
indicate that low volume sprays of DDT, 
toxaphene, heptachlor, aldrin, dieldrin, 
chlordane, methoxychlor and gamma 
benzene hexachloride gave effective con- 
trol of onion thrips. Sloan et al. (1951) 
showed that heptachlor and dieldrin had 
a long residual effect in the control of 
onion thrips when applied as high volume 
sprays and as dusts. Parathion, DDT, 
chlordane and EPN 300 were dissipated 
much faster. 

Richardson & Wene (1952), reporting 
on the control of onion thrips on onions 
from 1948 to 1952, found that a combi- 
nation of 0.5 per cent gamma _ benzene 
hexachloride plus 5 per cent DDT was 
more effective than either 5 per cent DDT 
or 0.5 per cent gamma _ benzene hexa- 
chloride alone. Five per cent heptachlor, 
2.5 per cent dieldrin, 20 per cent toxa- 
phene and 2.5 per cent aldrin were more 
effective than the mixture of 1 per cent 
gamma _ benzene hexachloride plus 5 
per cent DDT. Five per cent CP-5 sticker 
increased the effectiveness of 1 per cent 
gamma benzene hexachloride; other stick- 
ers were ineffective. Fifty per cent sul- 
phur, as a diluent, seemed to increase 
the effectiveness of both 10 per cent 
toxaphene, and 1 per cent gamma ben- 
zene hexachloride plus 5 per cent DDT. 
Hibbs (1946) and Wene (1948) showed 
that sulphur as a diluent increased the 
effectiveness of DDT. 

Hibbs (1946) advises making two con- 
trol applications at weekly intervals 
when the population is low and repeating 
the applications when the infestation 
warrants. 

ProcepurE.—The area available for 
these tests made it necessary to limit 
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Table 1.—Onion thrips population per plant in 
plots treated with chlorinated hydrocarbon dusts. 
Winter Haven, 1952. 


Table 2.—Onion thrips population per plant in 
plots treated with phosphorus insecticide dusts. 
Winter Haven, 1952. 








1 Day AFTER 11 Days AFTER 
TREATMENT TREATMENT 


: Per k Per 
Pounps Thrips Cent Thrips Cent 
PER per Reduc- per Reduc- 








{REATMENT Acre ‘Plant tion Plant tion 
5°> Heptachlor 20 1.8 94 11.9 72 
1° 711 (Isodrin) 26 4.3 80 30.4 27 
1°, 269 (Endrin) 20 BaF 46 33.9 19 
1.5% Dieldrin 20 2.7 88 12.7 70 
2.5% Aldrin 20 6.7 69 16.3 61 
20% Toxaphene 20 5.1 76 19.0 54 
1°% gBHC plus 

5% DDT 20 3.7 83 24.0 42 
Untreated (Check) 21.6 41.7 
Minimum differ- 

ence required 

for significance 

at 5% level 6.8 11.9 
at 1% level 9.3 16.0 





plots to 36 feet in length and 18 rows in 
width; the rows were spaced 16 inches 
apart. The treatments in all the experi- 
ments in 1952 were replicated 4 times. 
The treatments as shown in tables 1, 2 
and 3 were applied only once. The treat- 
ment shown in table 4, the timing experi- 
ment, was applied at 5, 7, 10 and 12-day 
intervals. All experiments were conducted 
on the Winter Garden Experiment Sta- 
tion. 

Dusts were used in the first three ex- 
periments, and sprays were used in the 
timing experiment. Dusts were applied 
with rotary Root hand dusters at the 
rate of 15 to 20 pounds per acre. The spray 
was applied witha 3-gallon garden sprayer. 

Records for the two insecticide experi- 
ments and the diluent-sticker experiment 
were taken by counting the onion thrips 
population, one and several days after 
application, when possible. The onion 


1 Day Arter TreEat- 
MENT 


Pounps Thrips Per Cent 


PER per Reduc- 
TREATMENT AcRE Plant tion 
1% Metacide 20 $3.1 81 
5% EPN 20 4.0 76 
5% 4049 (Malathon) 20 2.7 84 
% Parathion 20 4.3 74 
1% Systox 20 9.2 44 
1% gBHC plus 5% DDT! 20 3.3 80 
Untreated (Check) 16.4 
Minimum difference required 
for significance 
at 5% level 4.0 
at 1% level 5.4 





1 This material was used as a standard for comparison. 


thrips populations for the timing experi- 
ment were taken by counting the thrips 
at 7-day intervals throughout the season 
after the applications were started. Counts 
-were made on the lower 4 to 6 inches of 
top of 10 plants taken at random in the 
middle rows of each plot. 

Resutts AND Conciusions.— The 
data in table 1 show that all of the chlori- 
nated hydrocarbon insecticides gave good 
immediate control one day after treat- 
ment with the exception of 1 per cent 
endrin. Of these materials, 5 per cent 
heptachlor, 1.5 per cent dieldrin and 1 
per cent gamma benzene hexachloride 
plus 5 per cent DDT gave better initial 
reduction in thrips population. Five per 
cent heptachlor, 1.5 per cent dieldrin 
and 2.5 per cent aldrin gave the best 
control 11 days after treatment. One per 
cent endrin, 1 per cent isodrin, 1 per cent 
gamma benzene hexachloride plus 5 per- 
cent DDT and 20 per cent toxaphene 


Table 3.—Onion thrips population per plant in diluent-sticker plots. Winter Haven, 1952. 








1 Day AFTER 6 Days AFTER 








1% gBHC plus 5% DDT 


plus 5% CP-5 
10% DDT 
10% DDT plus 5% CP-5 
Untreated (Check) 


at 5% level 


‘TREATMENT TREATMENT 
PounD Thrips Per Cent Thrips Per Cent 
PER per Reduc- per Reduc- 
TREATMENT AcRE Plant tion Plant tion 
20 1.0 85 7.0 35 
1% gBHC plus 5% DDT plus 50% sulphur 20 2.4 64 9.2 16 
1% gBHC plus 5% DDT plus 5% CP-5 20 iS 81 11.7 0 
1% gBHC plus 5% DDT plus 5% sulphur 20 2.0 71 10.5 3 
20 2.3 66 6.9 36 
20 2.3 66 8.6 21 
6.8 10.8 
Minimum difference required for significance 
1 2 
2.4 5.7 


at 1% level 
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aldrin spray. Winter Haven, 1952. 
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Table 4.—Onion thrips population per plant and yields in plots treated at various intervals with 
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ACCUMULATED TOTAL 


POUNDS FOR THE SEASON TAKEN 
OF at 7-Day INTERVALS 
Toxi- eae am 
No. oF CANT Number Per Cent SACKS 
APPLI- PER of Reduc- PER 
TREATMENT CATIONS ACRE Thrips tion ACRE 
5-day interval 12 0.75 29.0 84 409 .2 
7-day interval 9 75 44.1 76 389.2 
10-day interval 6 75 69.2 63 404.0 
12-day interval 5 By £5 72.8 61 399.8 
Untreated (Check) 186.1 362.5 
Minimum difference required for significance 
at 5% level 126.4 8.3 
at 1% level 77 3 10.3 





gave poor residual control as indicated by 
counts taken 11 days after treatment. 
One per cent isodrin exhibited the greatest 
loss in toxicity. 


The second record could not be taken , 


from the phosphorus insecticide experi- 
ment because a rain fell soon after the 
treatments were applied. With the excep- 
tion of 1 per cent systox, all materials 
gave satisfactory control 1 day after 
treatment. Five per cent malathon, 1 
per cent metacide, 5 per cent EPN, and 
1 per cent parathion, respectively, were 
the most effective phosphorus insecticides 
used. The first three should be given 
further trials; 1 per cent parathion has 
been tested in Texas for residual effect 
(Wene 1948; Richardson & Wene, 1952). 
All treatments gave significant control 
over the untreated checks. Table 2 shows 
the results of the phosphorus experiment. 

Records from the diluent-sticker experi- 
ment were taken 1 and 6 days after treat- 
ment. Table 3 shows that all treatments 
gave highly significant control over the 
check one day after treatment, but all 
materials gave similar control. Sulphur 
seemed to reduce the effect of gamma 
benzene hexachloride plus DDT in the 
two treatments in which it was used, 
both immediately and 6 days after treat- 
ment. The gamma benzene hexachloride 
treatments including the 5 per cent CP-5 
sticker, alone and with sulphur, were 
ineffective six days after treatments; 
population records in both treatments 
were almost as great as or greater than 
that of the check. Of the two 10 per cent 
DDT treatments, the one containing 5 
per cent CP-5 sticker was less effective 
than 10 per cent DDT alone 6 days after 
application. Sulphur decreased the toxic- 


ity of the dusts used in this experiment. 
Addition of CP-5 sticker did not increase 
the effectiveness of the insecticides. 

In table 4 the effects of different time 
intervals for the application of aldrin 
sprays are shown. ‘lhe thrips population 
per plant for the season was derived from 
records taken at 7-day intervals when 
possible. Treatments applied at 5 and 
7-day intervals gave significant control 
of thrips. ‘The 10 and 12-day interval 
treatments gave reductions in populations 
over that of the check but the differences 
were not statistically significant. 

Yields from all treated plots were higher 
than yields from the untreated check. 
Variable soil conditions influenced the 
yields greatly. 

SumMAry.—Five per cent heptachlor 
and 1.5 per cent dieldrin are the most 
effective chlorinated hydrocarbons tested 
on onion thrips in the Winter Garden 
area of Texas. T'wo and one half per cent 
aldrin, 20 per cent toxaphene and 1 
per cent gamma benzene hexachloride 
plus 5 per cent DDT gave good com- 
mercial control. * 

Five per cent malathon, 1 per cent 
metacide, 5 per cent EPN and 1 per cent 
parathion gave good initial control of 
onion thrips. All of these, except para- 
thion, should be tested to determine their 
residual value. 

Sulphur, used as a diluent, and 5 per 
cent CP-5, used as a sticker, were not effec- 
tive in the combinations employed in 
this report. 

Applications of insecticides for onion 
thrips at 7-day intervals are considered 
better from a practical point of view than 
applications at 5, 10, or 12-day inter- 
vals, 
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iffect of the Sheep Ked on Weight Gains of Feeder Lambs' 


Ropert E. Prapt, L. H. Pauies, and G. R. DeEFourart, Wyoming Agricultural 
Experiment Station, Laramie 





Effect of the ked, Melophagus ovinus L., 
on growth of feeder lambs was studied 
for three seasons at Torrington, Wyoming. 
The purpose was to obtain quantitative 
data on weight gains so that analysis 
could be made of the economics of con- 
trolling the parasite. Previous search 
through the literature revealed that the 
published information on the injurious 
effects of sheep keds was mainly of 
qualitative or observational nature. To 
date one article has treated the prob- 
lem specifically, that by Bosman ef al. 
(1950) whose work was done in the Union 
of South Africa. These investigators 
divided yearling and two-year-old Merino 
wethers into ked-infested and ked-con- 
trolled lots and fed them at several 
different levels of diet. ‘They found that 
infestations caused no significant differ- 
ences in weight gains of sheep fed either 
«a high or low standard diet, but that 
among the sheep fed a low standard diet, 
20 per cent mortality occurred. They 


found also that ked populations did not 
increase rapidly or build up to large num- 
bers on sheep kept on a good plane of 
feeding. 

Results of the present study upon feeder 
lambs are of interest for two reasons. 
First, they indicated no significant dif- 
ferences in weight gains between ked- 
infested and ked-controlled feeder lambs; 
and second, the ked population on insec- 
ticidally untreated lambs greatly de- 
creased in number during the feeding 
period. This trend was in sharp contrast 
to rising populations of keds infesting 
range sheep. On the basis of this study 
it has been concluded that no savings can 
be made by controlling the sheep ked on 
feeder lambs. 

Metuops.—The sheep utilized were of 
several different breeds and crossbreeds. 
The lambs placed on feeding test in 1949 
were purchased from the Klink ranch 


1 Published with approval of the Director, Wyoming Agricul- 
tural Experiment Station, Journal Paper No. 24. 
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near Laramie, Wyoming. They were 
white-faced crossbred type range lambs 
with fine to medium types of wool and 
were mainly wethers. The lambs put on 
feeding test in 1950 and 1951 were pur- 
chased from A. E. Thomas near Ft. 
Laramie, Wyoming. These were white- 
faced crossbred type range lambs with 
predominance of half-blood wool and were 
also mainly wethers. Other breeds utilized 
in the study are described in later para- 
graphs. 

The lambs in the feeding tests were 
divided by alternate gate cuts into paired 
groups which were placed in open feed 
lots of equal size and were fed identical 
rations. In the first year of testing the 
lambs were hand-fed a ration consisting 
of whole barley, alfalfa hay, and wet 
beet pulp. Salt and mineral mixture in 
the ratio of 2 to 1 by weight were pro- 
vided free choice. In the second and third 
years of testing, the lambs were self-fed 
a mixture of barley, saffmeal, and ground 
alfalfa hay, but were hand-fed wet beet 
pulp in quantities as much as they would 
eat. Salt and bone meal in the ratio of 
2 to 1 by weight were provided free 
choice. In all three years water was con- 
stantly available in electrically heated 
tanks. The usual precautions were taken 
in starting the lambs on high concentrate 
feeds: i.e., they were fed for several days 
on dry alfalfa hay before going on test 
and then at start of the test they were 
fed a low percentage of concentrate feed 
which was gradually increased for about 
six weeks until they were on full feed. 
Length of feeding period was determined 
by finish and weight of the lambs. The 
period lasted 112, 100, and 104 days in 
1949-50, 1950-51, and 1951-52, respec- 
tively. 

The lambs were weighed in the morning 
which was before feeding time in the case 
of the hand-fed animals. In 1949 and 1950 
the lambs were weighed on three succes- 
sive mornings both at the beginning and 
at the end of the experimental feeding 
periods. The three weights taken at these 
times were then averaged and the aver- 
ages considered as the beginning and final 
weights. In 1951 the lambs were weighed 
once at the beginning and once at the end 
of the test period. Weights were also 
taken once every 4 weeks during the 
feeding period in all 3 years. In 1949, 
in addition to lot weights, individual 
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weights were taken on 20 sheep from each 
lot, but in 1950 and 1951 individua! 
weights were taken on all the lambs of 
each lot. Because deaths occurred in 
some lots, it was necessary to withdra\ 
the data taken on the lambs which died 
and to withdraw the weight of a propor- 
tional amount of feed. 

The keds on one of the paired lots were 
controlled by running the lambs through 
an insecticidal dust which was dispersed 
by a power duster. This method of con- 
trolling sheep keds on feeder lambs was 
first described by Mathyssee (1945). The 
sheep were dusted twice with an interval 
of three weeks between dustings. In 1949 
and 1950 the ingredients of the dust con- 
sisted of sufficient cubé to yield a 0.5 per 
cent rotenone content in the finished dust, 
pyrophyllite, and 2 per cent No. 10 motor 
oil. In 1951 a 1 per cent dieldrin dust 
containing 2 per cent motor oil was used. 
Intensity of the infestations and the re- 
sults of control were measured on sam- 
ples of lambs selected at random from 
each lot. In 1949 the sample consisted 
of 20 lambs, while in 1950 and in 1951 
it consisted of 15 lambs. Each lamb was 
examined methodically over its entire 
surface and the number of adult keds 
counted and recorded. 

The trend of ked numbers on feeder 
lambs in a commercial feed lot was studied 
in 1951-52 at Wheatland, Wyoming, for 
comparison with the population trends at 
Torrington. The lambs were self-fed a 
mixture of corn and beet pellets and were 
hand-fed alfalfa hay. They had salt and 
bone meal available and water in electri- 
cally heated tanks. At the beginning of 
the feeding period there were 1010 lambs 


ovsreo 
——waous tro 


WEAm weienT Founos 
\ 











Fig. 1.—Increases in the mean weights of dusted and 

undusted feeder lambs (1949 graph drawn from mean 

weights of the 20 lambs weighed individually in 
each lot). 
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in a single open feed lot. Approximately 
half of the lambs were of crossbred types, 
and half Corriedale lambs from the A. L. 
King ranch, Cheyenne. As groups of the 
lambs became finished, they were regu- 
regularly removed from the lot and mar- 
keted. 

‘Two small flocks of sheep were exam- 
ined for keds approximately once a month 
to determined population trends of the 
parasite on sheep whose source of nutrition 
came mainly from grazing on the short- 
grass plains of Eastern Wyoming. One 
flock, belonging to Mr. James Irvine, 
ranged 10 miles west of Wheatland, 
Wyoming. The breeding of these sheep 
was similar to the breeding of the Torring- 
ton feeder lambs as they were a white- 
faced crossbred type with medium wool. 
In 1949, during the period of the feeding 
tests, the flock consisted of 10 ewes and 
4 ewe lambs, in 1950 it consisted of 16 
ewes and 1 ewe lamb, while in 1951 it 
consisted of 15 ewes and 6 ewe lambs. 
The entire flock was examined for keds 
to ascertain degree of infestation. The 
second flock had mainly Southdown breed- 
ing and was therefore dissimilar to the 
feeder lambs. It ranged 20 miles west of 
Cheyenne and numbered approximately 
16 adult sheep and 6 lambs in 1949 and 
1950 during the time of the feeding tests. 
Only a sample of this flock was counted 
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Fic. 2.—Fluctuations in size of populations of the 
sheep ked infesting untreated feeder lambs and 
range sheep. 


to assess the ked infestation: 6 ewes and 
6 lambs in 1949 and 6 yearlings, 6 older 
sheep, and 6 lambs in 1950. 

Resutts.—No significant differences in 
weight gains occurred between dusted and 
undusted lots of lambs in all three trials 
(Table 1 and Fig. 1). In the 1949 and 1950 
trials the dusted sheep made slightly 
greater gains per head, an increase of 0.73 
and 0.35 pounds respectively over the un- 
dusted. In 1951, however, the undusted 
sheep gained 0.58 pounds more per head 
than the dusted. None of these differences 
was significant as calculated by the t-test. 
Also the differences in mortality of lambs 
between the paired lots were small and 
not significant. 


Table 1.—Rations and weight gains of ked-infested and ked-controlled feeder lambs. 








1949 





l 


1950 1951 


Untreated | Treated | Untreated | Treated | Untreated Treated 

















Number feeding days | 112 } lie 100 | 100 | 104 104 
Number lambs per lot | 113 | 114 44 45 | $4 35 
Mean number keds/head, start | 46.2 73 168 147 133 147 
Mean number keds/head, end | 22.7 | 0.5 50 0.5 17 2 
Mean initial wt./head, lbs. 65.41 | 66.69 | 69.77 72.64 77.26 | 75.46 
Mean final wt./head, lbs. 91.27 | 93.28 | 101.65 104.87 107.12 104.74 
Mean total gain/head, Ibs. | 25.86 | 26.59 | 31.88 32.23 29.86 | 29.28 
Mean daily gain/head, lbs. 0.231 | 0.237 0.319 0.322 0.287 0.282 
Death loss | + 3 0 0 1 0 
Pounds feed/head/day: 
Barley | 0.65 0.65 | 0.92 | 0.90 1.01 1.01 
Saffmeal 0.30 | 0.29 0.33 0.31 
\lfalfa hay } 1.78 1.71 | 1.41 | 1.56 1.59 | 1.69 
Beet pulp 2.81 | 2.79 3.57 | 3.49 3.40 | $3.32 
Salt | 0.004 | 0.005 | 0.019 0.018 0.015 | 0.015 
Mineral Mixture 0.004 | = 0.004 | 
Bone meal 0.010 0.009 0.008 | 0.008 
Pounds barley/100 Ibs. gain | 281.51 | 273.79 | 288.38 279 .03 352.05 357.56 
Pounds saffmeal/100 Ibs. gain | 94.23 91.17 115.54 | 110.44 
Pounds hay/100 Ibs. gain 770.92 | 720.03 443 .90 484.69 552 .92 598.54 
Pounds beet pulp/100 lbs. gain 1217.01 | 1175.17 1119.81 1083.52 | 1184.73 1179.12 
Pounds salt & bone/100 Ibs. gain 3.46 3.79 9.13 8.82 | 8.09 8.05 
$11.40 $10.91 $15.06 | $15.12 | $21.88 | $22.41 


Feed cost/100 Ibs. gain 
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Only slight differences were found in 
the amounts of feed eaten per head per 
day and in the pounds of feed consumed 
per 100 pounds gain between dusted and 
undusted lots of lambs (Table 1). Feed 
cost per 100 pounds of gain favored the 
dusted sheep by 49 cents in 1949, but 
favored the undusted sheep in 1950 by 
6 cents and in 1951 by 53 cents. 

Intensity of infestation of keds on the 
experimental lambs at the start of the 
feeding periods, as compared with the 
number of keds found on lambs of several 
Wyoming range flocks, might be consi- 
dered moderate in the first trial and heavy 
in the second and third trials. Ked popu- 
lations have been found to be at their 
lowest in the summer months of June, 
July, and August; they begin to increase 
in September and reach maximum num- 
bers in spring. Part of the ascending curve 
of this annual cycle is illustrated in Figure 
2 from data taken on the Irvine flock. 
Similar increase in ked numbers occurred 
during the same period on the South- 
down flock. In contrast to the ability of 
the sheep ked to increase on range flocks 
at this time of the year, keds infesting 
feeder lambs exhibited a marked inability 
to maintain their numbers for long (see 
Fig. 2). During the first four weeks, in- 
crease in ked numbers generally took 
place, but afterwards a sharp decline 
was most often recorded. 

Keds on the dusted lambs were con- 
trolled satisfactorily, as all infestations 
were reduced to an average of 4 or fewer 
at the end of the fourth week and to fewer 
than 2 at the end of the eighth week. 
Although eradication of the keds was not 
accomplished, they never were able to 
increase in numbers above an average of 
two per lamb after treatment. 

Discussion.—The fact that the sheep 
ked feeds on its host by withdrawing blood 
is sufficient evidence that the ked uses 
energy of the host and causes some 
changes in the energy relations. Apparent- 
ly these changes are not great enough to 
be reflected in growth of feeder lambs or 
at least to be detected by the methods 
used in this study. There is the possibility, 
however, of accommodation through 
greater food consumption by the ked 
infested lambs, but the data afford no 
clear evidence of this. The question also 
arises as to how much effect the double 
dusting and concomitant handling of the 
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ked-controlled lots have on weight gains. 
It is quite possible that weight gains may 
have been adversely affected and that 
any beneficial effects of ked control were 
masked in the early stages of the feeding 
periods. But the fact that no significant 
differences appeared after the period of 
applying control and checking the results 
suggests that the control method had little 
influence on the course of weight gains. 
This inference is also supported by results 
obtained by Bosman, Botha, and Louw 
(1950), who found no significant differ- 
ences in weight gains between ked-con- 
trolled and ked-infested sheep over a 
period of 10 to 12 months. Since the ked- 
controlled lots neither made any greater 
gains nor consumed significantly less feed, 
it is concluded that controlling keds on 
feeder lambs is not profitable. 

The factors which affect the size of ked 
populations are little known, although 
indirect evidences have been obtained by 
several investigators, e.g., Graham & 
Taylor (1941), MacLeod (1948), Evans 
(1950), and Bosman ef al. (1950). The 
factors which have generally been pro- 
posed are: (1) climatic conditions in the 
wool, particularly temperature, (2) skin 
secretions, and (3) host resistance. The 
first two factors are readily compre- 
hensible, but the latter seems to be merely 
a statement of the problem. To speculate 
on what factor or factors may have caused 
the decline of keds on the feeder lambs 
examined in this study, four agents re- 
lated to the better nutrition of the hosts 
are worthy of consideration: (1) climatic 
conditions in the wool. With increased 
intake of feed the lambs produced more 
heat and raised the wool temperature. 
This in turn may have adversely affected 
survival or the rate of reproduction. (2) 
Skin secretions. Increase of skin secre- 
tions, chiefly fatty substances, may have 
acted insecticidally. (3) Quantity of food. 
Dilution of the blood supply of the skin 
because of fat deposition may have re- 
duced the intake of food by the keds re- 
sulting in their malnutrition with con- 
sequent loss of fecundity. (4) Quality of 
food. Change in quality of the blood of 
feeder lambs may have adversely affected 
the keds in some way. 

An interesting observation relating to 
this problem was made on the lambs in 
the Wheatland feed lot on January 8 
just preceding the over-all decline of 
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ked numbers. The keds on the Corriedale 
lambs had migrated out of the long and 
dense body wool to the short and loose 
wool of the lower leg regions, but the 
keds on the crossbred type lambs re- 
mained normally distributed on the body 
wool, which was short and thin. This re- 
sponse indicated that some factor became 
intolerable in the long wool of the Corrie- 
dale lambs and induced the keds to mi- 
grate. Temperature above the optimal 
range appeared to be the direct factor 
involved. The following reasons  sug- 
gested this conclusion: (1) the heavy feed- 
ing of lambs raised their “heat incre- 
ment” (Ritzman and Benedict, 1931), (2) 
the insulating effect of the long, dense 
wool on the Corriedales caused the tem- 
perature of the wool environment to 
rise above that of the short, thin-wooled 
crossbred types (tdem), and (3) high tem- 
peratures have been shown to induce 
keds to migrate away from affected areas 
(Hoffman et al., 1949, and Evans, 1950). 
It was also observed that reduction in 
ked numbers had taken place on the 


Corriedale lambs, while an increase had 
taken place on the crossbred types. At 
the next examination, four weeks later, 
decline of ked numbers was observed on 
both types of lambs. Evidently there 
were other factors in addition to tempera- 
ture that affected the populations of the 
sheep ked. 

SuMMARY.—The effect of sheep keds 
upon weight gains of feeder lambs was 
studied for three seasons. No significant 
differences in gains were observed be- 
tween ked-controlled and non-ked-con- 
trolled lots. Although infestation of keds 
was moderate to heavy on the lambs at 
start of the trials, ked numbers on the un- 
treated lots soon declined after the lambs 
had been on feed for several weeks. This 
was in contrast to increasing numbers of 
keds on range flocks at the same time 
of the year. Some of the possible factors 
responsible for decline in ked numbers on 
the feeder lambs were considered. The 
study presented no evidence that a saving 
could be made by controlling keds on 
feeder lambs. 
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Mr. K. P. Ewing, research entomologist with the 
Cotton Insect Division of the B.E.P.Q for 32 years 
has been selected to coordinate the expanded co- 
operative research programs of the Bureau and 
other agencies set up to bring the pink bollworm 
under control. Mr. Ewing’s task will be the organiza- 
tion of the various agencies set up to fight the 
pink bollworm and the administration of cotton in- 
sect surveys and research in Texas and Oklahoma, 











Control efforts against the corn ear- 
worm to date have been directed almost 
entirely against the larval form of the 
insect. The recommended larvicidal meth- 
ods give a reasonable measure of control 
in moderately and heavily infested areas, 
but are time consuming, expensive, may 
result in injury to the plant or leave 
undesirable odors or off-flavors at harvest. 
Relatively little information is available 
regarding the control of corn earworm 
infestations through the use of ovicides 
(Gouck & Blanchard 1951; Barber 1944). 
A study of the biology of the earworm 
and preliminary field investigations indi- 
cate that the use of an ovicidal material 
is worthy of more serious consideration. 

In Pennsylvania female earworm moths 
oviposit for the most part on the silks of 
the corn plant, the eggs requiring 3 to 4 
days of optimum conditions for hatch- 
ing. Since eggs are laid and remain on 
exposed silks for a period of several days, 
less consideration need be given to the 
timing of the treatments. Current larvi- 
cidal methods require penetration of the 
silk channel by the toxicant to be effective. 
This is not necessary with the use of 
ovicidal materials. The dangers of con- 
tamination of the ear itself would be 
minimized with regard to odor, taste, or 
insecticidal residues. Also, an ovicide 
affects eggs laid for a period of time rang- 
ing up to three days prior to the applica- 
tion, whereas a larvicide kills only during 
the brief time the larva is exposed to the 
larvicidal material in its burrowing down 
through the silk channel. The required 
residual effects of larvicides, adversely 
offset by the rapid growth of the silks 
during infestation, are of little concern 
where an ovicidal material is used. 

The phytotoxic tendency of larvicidal 
materials containing oils has called for the 
use of expensive, relatively non-phyto- 
toxic oils. The function of the oil in a 
larvicide, carrying the toxicant into the 
silk channel, is eliminated with the use of 
an ovicide, suggesting that the most ex- 
pensive element of the earworm control 
material can be eliminated. 

MarertaAts AND Mertruops.—An effi- 
cient ovicidal material should be fatal 
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to eggs of all ages. Since the suscepti- 
bility of developing insect embryos may 
rary considerably with age (Smith & 
Pearce 1948), and because 3 to 4 days 
are required for hatching, three experi- 
mental ovicides were applied r earworn) 
eggs which were 1, 2, and 3 days of 
age. These materials were EPN 300,' 
Metacide,’ and Ovotran.® The first two 
materials are primarily organic phos- 
phates, while the third is an organic sul- 
fonate. The concentrations of the materials 
tested were at levels of 75, 100, and 125 
milligrams of actual toxicant in one liter 
of water. These concentrations repre- 
sented the known concentrations required 
to kill eggs of plant mites and of certain 
insects against which these materials 
had previously been tested. Proprietary 
formulations of the ovicides were used; 
the EPN 300 and Ovotran were wettable 
powders while the Metacide was in an 
emulsion concentrate formulation. 

Each of these materials was tested in 
the field at maximum desirable concen- 
trations to determine their effects on the 
plant and the possibilities of off-flavor 
or objectionable odor at harvest. 

The earworm eggs used in this experi- 


Table 1.—Sample of original data on mortality 
of earworm eggs treated with three ovicides at 
three different age levels. 


Replicate I 








CONCENTRATIONS 
5 mg. 100 mg. 125 mg. 


MarteriaAts H D %D H D &%D H D %D 


One Day Old 


EPN 300 ll 4 27 10 8 @ 1 4 &7 


Metacide 10 3 2 $ 3 -3 2 11 85 

Ovotran 12 3 2 12 3 2 14 l 7 
Two Days Old 

EPN 300 es 7 9 6 40 7 £<«@ 

Metacide 0 14 100 0 15 100 0 15 100 

Ovotran 9 8 2 18 1 7 10 4 2 





H—Hatched, D—Dead, %D—Per cent Mortality, Fertility 
check: 31 hatched; 0 dead. 


1 Authorized for publication on July 9, 1952 as paper No, 1742 
in the journal series of the Pennsylvania Agricultural Experiment 
Station. 

? The data in this paper are taken in part from a thesis sub 
mitted by the senior author in partial fulfillment of the require 
ments for the degree of Master of Science in Entomology, Penn 
sylvania State College. 

3 Graduate Assistant, Department of Zoology and Entomol 
ogy, present address Department of Entomology, University of 
Wisconsin, Madison, Wisconsin. 


4 E. I. duPont de Nemours & Co., Inc., Wilmington, Delaware 


5 The Dow Chemical Co., Midland, Michigan. 
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Table 2.—Earworm egg mortality data of the 
experiment expressed in angular values. 


aa 











CONCEN- REPLICATES 
TRATION, 
MATERIAL Ma. 1 2 3 4 





One Day Old 
75 31 39 29 43 
100 29 38 32 41 
125 31 37 43 28 


PN 300 





Metacide 75 29 49 56 51 
100 68 69 90 75 
125 67 75 90 90 

Ovotran 75 Q7 41 39 30 
100 Q7 22 35 49 
125 15 35 21 35 

Two Days Old 

EPN 300 75 43 35 47 43 
100 39 32 31 53 
125 40 41 47 47 

Metacide 75 90 90 90 90 
100 90 90 90 90 
125 90 90 90 90 

Ovotran 75 30 22 35 43 
100 15 $7 51 35 
125 32 


21 53 21 


Three Days Old 


EPN 300 75 39 43 31 39 
100 21 34 43 41 
125 41 38 41 45 
Metacide 75 90 90 90 90 
100 90 90 90 90 
125 74 90 75 90 
Ovotran 75 ST 29 34 23 
100 21 2s 45 28 
125 38 41 41 39 





aent were handled on sheer 60 gauge 15 
denier nylon mesh stretched and cemented 
on rectangular wire frames 2.5 by 1.87 
inches in dimension. Two wires at each 
each end, left extending and bent to 
form a hook, served as hangers in the 
oviposition cage and as supports when 
the wire frame was set on a surface for 
spraying or observation. Spraying was 
done in a chamber constructed for small 
scale treatments, using a DeVilbiss paint 
sprayer operated at a pressure of 24 
pounds per square inch. Maturing treated 
eggs were stored in a room with the tem- 
perature thermostatically controlled to 
remain at about 76° F. No attempt was 
made to control the humidity since the 
hatching of control batches of eggs re- 
inained more or less constant throughout 
the experiment. Because untreated eggs 


normally hatched within 3 or 4 days, all 
eggs not hatched after 5 days were con- 
sidered dead. 

Resutts.—A sample of the original 
data for one replicate, two of three ages 
of eggs, three materials, and three con- 
centrations is contained in Table 1. 
Mortality figures were computed as per 
cent and then converted to angles from 
the formula: angle=arc \/per cent. The 
angular values for mortality were used 
as a basis for statistical computation of 
significance throughout. All angular val- 
ues for the experiment are shown in table 
2. 

In the analysis for significance of means 
for the main variables of the experiment 
(materials, ages of eggs, concentration, 
and replicates) only differences between 
means of materials and means of repli- 
‘ates were found to be significant. The 
means for materials were EPN 300 38.2, 
Ovotran 32.5, and Metacide 81.6. The 
least significant differences at the 5 
per cent level between these means was 
3.8; at the 1 per cent level it was 5.9. 
The means for replicates were 46.1, 49.7, 
53.3 and 54.1. The least significant differ- 
ence between any of these means was 3.3 
at the 5 per cent level and 4.9 at the 
1 per cent level. Differences in means 
for concentrations and for ages of eggs 
were not found to be significant in terms 
of the whole experiment. 

In a consideration of the first order 
interactions between any two of three 
controlled variables no variations between 
means were found to be significant. 
However, when all three controlled vari- 
ables (ages of eggs, concentrations, and 
materials) were considered in a second 
order interaction, significant data ap- 
peared. 

The high significance in means for 
materials led to a closer examination of 
one material, Metacide, the mean of 
which was considerably higher than that 
of either of the other two materials. 
An analysis of the Metacide data alone 
showed that both ages and concentrations 
were significant when this one material 
was studied. The interaction of concen- 
trations and ages in the Metacide treat- 
ments was also significant, and replica- 
tion showed much less significance than 
any other factor. 

No off-flavor or plant damage was ob- 
served in the field plots. 
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Conciusions.—The value of the mor- 
tality data in this experiment was de- 
creased in a sense by the significance of 
the variation between replicates. This 
unexpected inconsistency emphasizes a 
need for a more careful study of the bio- 
logical factors of the eggs and the adults 
which lay them. Replicates were set up 
on succeeding days using eggs from the 
same group of moths. This suggests that 
there is a trend in reduction of the vitality 
of the eggs which did not affect the hatch- 
ing ability but did affect the response of 
the eggs to treatments. The fact that 
there is a complex interaction of high 
significance between ages of eggs, materi- 
als, and concentrations serves to verify 
this and warrants further study. 


Since Metacide produced results so 
different from EPN-300 and Ovotran, 


it can be considered responsible for the 
high significance in the means for ma- 
terials. The analysis of the data for this 
material alone brought out the suspected 
fact that the ages of the eggs and the con- 
centrations of the material used were 
significant, but were masked in the gener- 
al consideration of the data for the whole 
experiment. A significant interaction 
between ages of eggs and concentrations 
was also in the analysis for Metacide, 
but did not appear in the whole experi- 
ment. Replications, on the other hand, 
significant in the main experiment, lost 
that significance under the closer scrutiny 
of a partial analysis. 

The high mortality of eggs treated with 
Metacide, particularly at the higher 
concentrations, suggests that this material 
may be of value in practical field control 
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of the corn earworm. The higher concei- 
trations will probably be necessary to 
overcome the natural resistance of the 
eggs in their earlier stages of development. 

There is no indication from the prelimi- 
nary field tests that any of the materia!s 
considered will have deleterious effects 
on the plant or the quality of the har- 
vested sweet corn. 

SumMARY.— Earworm infestations have 
to date been controlled more or less ef- 
fectively through the use of larvicides 
which require both considerable attention 
in their application and relatively expen- 
sive materials. These disadvantages may 
be offset by the use of an ovicidal material. 
Three ovicidal materials were tested for 
their effect on the corn plant and on the 
eggs of the earworm; two of the materials 
were organic phosphates, the third an 
organic sulfonate. Four replicates were 
set up using eggs gathered on succeeding 
days. Materials were applied in three 
different concentrations to eggs of three 
different ages. Mortality figures used in 
the analysis were based on the per cent 
of eggs failing to hatch in five days. 

No phytotoxic effects were produced 
by the use of these materials. Significant 
variation in the means for replicates points 
up the need for a more critical study of 
the physiological factors of the eggs which 
may affect treatment. A significance in 
the second order interaction between 
ages of eggs, materials, and concentra- 
tions supports this need. Of the three 
materials tested, Metacide is considered 
to be worthy of further consideration as 
a control ovicide against corn earworm 
infestations. 
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Life History and Control of Cinara winonkae! 


D. F. Bray, Delaware Agricultural Experiment Station, Newark? 


lor several years prior to 1950, Chinese 
arborvitae, Thuja orientalis L. (Biota), 
in many Delaware plantings were grow- 
ing poorly, or dying in large numbers. 
The state’s largest nursery reported a 50- 
per cent loss of the variety aurea nana. 
‘The cause was unknown. Upon investiga- 
tion, aphids were found on the roots of 
all affected plants. They were identified 
by Dr. F. C. Hottes as Cinara winonkae 
Hottes (1934). A review of the literature 
revealed that little was known about its 
biology; consequently, control recom- 
mendations were inadequate. Studies 
were undertaken in 1950 to determine the 
life history of this aphid, its distribution, 
effect on arborvitae, and control. These 
were carried on at the Diamond State 
Nurseries, Milford, and the University 
of Delaware, Newark. 

Tne Apuip.— This species is similar 
to Cinara tujafilina (Del. G.). According 
to Hottes? some authorities regard the 
two names as synonyms. However, the 
description of C. tujafilina does not agree 
entirely with that of C. winonkae. ‘The 
following, from Hottes’ letter, clarifies this 
point: “In 1934, I gave the name winonkae 
to a species of aphid collected in Louisi- 
ana. Since that time I have determined, 
as such, other specimens, all taken from 
stems, trunks, and roots of Thuja. A 
few years ago, it was suspected that this 
was the species recorded in literature as 
either C. tujae (Del G.) or C. tujafilina 
(Del G.). Attempts to locate types or 
paratypes from Del Guercio’s collection 
were unsuccessful, because they had been 
destroyed by bombs. Inasmuch as none of 
the original material could be found, it 
appears that these species must stand 
on the basis of his descriptions and figures 
alone. These indicate that neither tujae 
or tujafilina is identical with C. winonkae. 
Hence, in view of the uncertainty in- 
volved in the use of another name for the 
species in question, the name C’. winonkae 
is recommended until such time as agree- 
ment can be reached.” 

Since this species may prove to be 
synonymous with Cinara tujafilina, it 
seems advisable to treat references to 
the latter as though they pertain to 
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winonkae. Del Guercio (1907) named an 
arborviate aphid Lachniella tujafilina. 
In subsequent writings, it has been 
referrred to under the following names: 
Lachnus thujafilinus, by Davidson (1914), 
Timberlake (1924), and Felt (1926); 
Dilachnus tujafilinus, by Smith (1932); 
and, finally, by later authors, as Cinara 
tujafilina. 

DescripTion.—Apterous, viviparous, 
females on aerial portions of the plant are 
reddish-brown, with a pruinose covering 
that gives them a blue-brown appearance. 
Two longitudinal black stripes extend 
from the head over the thorax, diverging 
toward and nearly reaching the cornicles. 
Two dark-brown bands, one curved an- 
teriorly and one posteriorly, extend from 
one cornicle to the other. 

Alate, viviparous, females are brown, 
and lack of the pruinescence of the apter- 
ous forms. The two longitudinal bands 
are usually absent, but are sometimes 
present in the fall. The bands between the 
cornicles are light olive-brown. 

Nymphs and adults on the roots re- 
semble the apterous females on the stems 
and branches, except that they are lighter 
in color. 

Lire History anp Hasirs.—Adult, 
apterous, viviparous females and nymphs 
occur on the roots of arborvitae through- 
out the year. In late February, the apter- 
ous females appear on the tender bark 
of stems and branches. By mid-March, 
alate forms are present and remain until 
the first week in May. During May, nearly 
all forms disappear from the aerial por- 
tions of the plant. In well-shaded areas, 
some apterous females can be found on 
stems and branches all summer. In late 
September, the apterous females again 
appear on the bark of the stems. By early 
October, alate, viviparous females are 
present, and remain on the plants through 
November. Apterous females occur on 
the stems as late as the first week in De- 
cember. Males, oviparous females, and 
eggs have not been observed. 


1 Published as Miscellaneous Paper No. 154, with the approval 
of the Director of the Delaware Agricultural Experiment Sta- 
tion. Publication 246 and Scientific Article 168 of the Depart- 
ment of Entomology, September 19, 1952. 

2 Assistant Research Professor, Entomology. 

3 Personal communication. 
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This species is gregarious, both on the 
roots and on the stems and branches. 
It does not feed on the foliage itself. 
Wound scars, cracks in the bark, and 
closely-appressed branches and roots are 
the spots where the aphid congregates. 

The aphid is in almost constant associ- 
ation with ants, primarily Lasius niger 
neoniger Emery (Table 1). Frequently, 
the ants can be seen transporting the 
aphids from stems to roots and vice-versa. 


Table 1.—Infestation of Chinese arborvitae 
roots by both aphids and ants, Milford, Delaware, 
1950. 














| May | Juty 
Plants examined 120, | 40 
With aphids only 1 0 
With aphids and ants 80 35 
Percentage of infested 99 100 


plants with ants 





According to Essig (1942) and Weigel & 
Baumhofer (1948), Cinara tujafilina has 
been taken from three genera of plants: 
Thuja Retinospora (Chamaecyparis), and 
Cupressus. McDaniel (1937) stated that 
“it attacks cypress and several varieties of 
conifers.” In Delaware, winonkae has been 
found only on varieties of Chinese arbor- 
vitae. At the Diamond State Nurseries, 
the large population of this aphid was 
restricted to Thuja, although several 
varieties of Retinospora grew adjacent to 
them. Four varieties of Chinese arbor- 
vitae were found to be infested: aurea 
nana, bakeri, bonita, and excelsia. Heaviest 
infestation occurred on aurea nana. 

Since no alterante host was discovered 
in 1950, alate and apterous females 
were transferred to cut sections of Thuja 
to the following plants in 1951: pyramidal 
arborvitae, eastern red cedar, short- 
leaf pine, blue spruce, norway spruce, 
white spruce, and willow. All of these 
aphids disappeared when the cut sections 
dried. 

DistRIBUTION.—Specimens _ identified 
as Cinara tujafilina have been reported 
from the following states: California, by 
Davidson (1914) and others; Kansas, 
by Smith (1932); Michigan, by McDaniel 
(1937); Oklahoma, by Fenton (1940); 
and Virginia, by Phillipps (1938). In 
addition, Miss L. Russell lists it from 
Oregon. Weigel & Baumbhofer (1948) 
stated that it is “widely distributed over 
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the country.” It has been reported froi 
South America by Costa Lima (1936 
and from Hawaii by Timberlake (1924). 
Again, according to Miss L. Russell 
it occurs in Africa and Asia, as well as in 
Europe where it was first described. 
Cinara winonkae has been taken through- 
out Delaware, but is more abundant in 
areas of light sandy soil. 

Errect ON ARBORVITAE.—Fenton 
(1940) stated that Cinara tujafilina “‘may 
‘ause swellings on the smaller branches.” 
This condition has not been observed by 
the writer. The foliar portions of infested 
plants are shorter and narrower than 
those of uninfested plants (Table 2). 
In many cases, individual branches of 
infested plants die; and, occasionally, 
whole plants die. In addition, the pres- 
ence of large numbers of aphids in the 
aerial portions of plants results in sooty 
mold, detracting from their appearance. 
Roots of infested plants are noticeably 
withered and dark-brown. In contrast, 
roots of uninfested plants are firm and 
red. Repeated die-back of the root-tips 
in affected plants results in a zig-zag ap- 
pearance, whereas healthy roots exhibit 
a more or less uniform linear growth. 


Table 2.—Condition of Chinese arborvitae 
with and without aphids, Milford, Delaware, 
April, 1952. 








Pas 
| InrEsteD | Non-INFESTED 
PLants ExaMiInED |———-——— 


° | 
Cotor or Roots | 40 Brown 


40 Red 


Averages/inches 


Stem diameter | 0.22 | 0.31 
Crown height | 6.3 7.6 
Crown Width | 4.3 5.2 





To determine whether the aphids se- 
crete a substance toxic to the plants, 12 
healthy, one-year-old rotted-cuttings of 
aurea nana, from a nursery free of this 
species, were selected for testing. Six 
were injected with fluid from the crushed 
bodies of the aphids and six, with distilled 
water. Approximately 2000 apterous and 
1000 alate forms were taken from affected 
plants on April 27, 1951, and crushed by 
mortar and pestle. The fluid was strained 
and then diluted to 50 per cent with dis- 
tilled water. Injections were made with 
a fine hypodermic needle inserted jus! 
beneath the outer bark of the stem. 
Each plant received 0.5 cc. of either water 


cone 




















/-bruary 1958 Bray: Lire History AND ContROL OF CINARA WINONKAE 105 


Table 3.—Effect of aphid-fluid and water in- 
jections on Chinese arborvitae, Newark, Dela- 


ware, April, 1951-May, 1952. 


Table 4.—Control of Cinara winonkae on 
aerial portions of the plant with insecticides, 
Milford, Delaware, April, 1950. 





| Apnip- 











YEAR | WATER Fiuip 
CoLor OF 1951 | Red Red 
Roots | 1952 Red Red 
Average /inches 
Stem diameter 1951 0.24 | 0.24 
1952 0.33 0.33 
Increase | 37.0% | 387.0% 
Crown height | 1951 | 5.6 | 5.4 
| 1952 | 8.0 7.9 
Increase | 41.0% | 46.0% 
Crown width 1951 | 3.8 4.0 
1952 5.3 5.2 


Increase 39.0% | 30.0% 





or aphid-fluid. Stem diameter, height and 
width of crown, and color of roots were 
recorded for each plant. On May 22, 
1952, the plants were re-examined; all 
appeared to be healthy. There were no 
apparent differences between those in- 
jected with water or fluid (Table 3). 

ContTrROL.—Recommendations for the 
control of Cinara tujafilina have been 
directed against only those forms above 
ground. Felt (1926) recommended 40 per 
cent nicotine sulphate. Weigel & Baum- 
hofer (1948) advised using one of the 
following: nicotine sulfate, derris, or 
pyrethrum. Willey (1938) reported suc- 
cessful control with a 3 per cent oil emul- 
sion, and, also, with a mixture of nicotine 
and lime-sulfur. 

Tests to control Cinara winonkae on the 
foliar portions of the plant were carried 
out in April, 1950. A 2-acre block of 2- 
vear-old field transplants (C. aurea nana) 
was selected for tests. Rows were 42 
inches apart and 750 feet long. Four 
treatments were replicated three times. 
Three insecticides were used at the indi- 
cated rates per 100 gallons: 15 per cent 
parathion w.p., 2 lbs; BHC (6 per cent 
gamma) 50 per cent w.p., 4 Ibs.; and 40 
per cent nicotine sulfate, 1.25 pints. All 
were applied at the rate of 200 gallons 
per acre with a 300-gallon, tractor-drawn 
sprayer at a spraying pressure of 600 
pounds per square inch. The number of 
aphids on 25 plants was recorded immedi- 
ately before and three days after appli- 
cation. Parathion gave complete control; 
BHC was nearly as effective; and nicotine 








| | Apnips PER PLANT | 
Before 





Rates | After | Per 
PER Treat- Treat- Cent 
TREATMENTS | 100Gars.| ment ment | ConTROL 
Parathion 15% | 
w.p. | 2 lbs. 18 0.0 100 
BHC (6% gam- | | 
ma) 50% w.p. 4 lbs, 13 .? ey 99 
Nicotine sulfate 
40% 1} pts. 17 |} 0.9 4 
Untreated 20 ; 3.0 





sulfate proved to be least satisfactory 
(Table 4). There was considerable drift 
when the sprays were applied; consequent- 
ly, the effect of all insecticides was spread 
beyond the treated plot. This, no doubt, 
accounts for the conspicuous reduction in 
the untreated plots. 

Examination of these plants revealed 
that aphids were still present on the roots. 
Control of these was then undertaken in 
small-plot tests on 2-year-old plants, 
using the following materials: 25 per cent 
aldrin w.p., BHC (6 per cent gamma) 50 
per cent w.p., 40 per cent chlordane w.p., 
25 per cent dieldrin w.p., 50 per cent DDT 
w.p., and 27 per cent EPN 300 w.p. All 
were applied with a 3-gallon, hand-oper- 
ated compression-type sprayer. In some 
cases these materials were applied to the 
surface of the ground after it had been 
worked to a depth of 9 inches with a dig- 
ging fork. In others they were applied to 
the surface followed by copious irrigation 
as described by Schread (1949). Finally 
some were injected into the soil about the 
plants. This was done by removing the 
nozzle and inserting the open end of the 
brass extension-tube into the soil to a 
depth of from 1 to 7 inches. When used 
at the rate of 0.8 gram per 2-vear-old 
tree, and injected into the soil to a depth 
of from 4 to 7 inches, chlordane and aldrin 
gave satisfactory control. All other ma- 
terials and methods proved inadequate 
(Table 5). 

Based on these findings, a 2-acre block, 
which was to be planted with one-year- 
old Cinara aurea nana from lining-out 
beds was selected for a field test. Ma- 
terials and methods closely followed those 
outlined by Eden & Arant (1949). On 
April 13, 1951, 100 pounds of a 5 per-cent 
chlordane dust was thoroughly disked 
into the soil of 1 acre to a depth of 4 
inches. The other acre was untreated. 
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Table 5.—Control of Cinara winonkae on Chinese arborvitae roots with various methods and in- 
secticides, Milford, Delaware, June-October, 1950. 








| TREES witH Roots 
| INFESTED 
Before | 


GRAMS NUMBER | Seven | 
PER | OF Treat- (Days After) Per CEn1 
Meruops or APPLICATION MATERIALS TREE TREES ment Treatment) ConTroL 
eneen —E = ————e ee —— —_ —— eee a SSS 
Soil worked to a depth of 9 Aldrin 0.56 | 10 8 | 3 38 
inches, followed by surface BHC 1.20 | 14 11 4 | 36 
spray Chlordane | 1.20 12 10 6 60 
Applied to soil surface, fol- Aldrin 0.60 20 18 18 0 
lowed by irrigation Chlordane 0.22 20 17 17 | 0 
Injected to a depth of 1 inch DDT 0.45 93 | 57 57 0 
BHC 0.45 86 43 43 0 
Chlordane 0.45 82 52 52 0 
Injected into the roots | Aldrin 0.80 10 | 8 0 100 E 

| BHC 2.90 | 9 8 3 | 38 
Chlordane 0.80 10 8 0 100 
Dieldrin 2.90 9 8 4 50 
EPN 300 2.90 9 8 | 1 | 88 





Plants were set in these blocks on April after treatment, but had reverted to the 





27. When roots of 100 in each plot were 
examined a year later, those in the 
chlordane-treated block were entirely free 
from aphids while 65 per cent of those in 
the untreated acre had aphids on the roots 
(Table 6). 

To determine the period of effective 
control with chlordane, two plots of 10 
2-vear-old _ field-transpiants were _ se- 
lected for study. Aphids were on the roots 
of all plants in the one block, whereas all 
plants in the other were free of aphids. 
Approximately 0.8 gram of 40 per cent 
chlordane was injected about the roots 
of each tree in the infested block. This 
was done with the hand-operated sprayer 


Table 6.—Control of Cinara winonkae on roots 
with chlordane, Milford, Delaware, April, 1951- 
April, 1952. 








CHLORDANE | UNTREATED 


Plants examined 100 100 


Aphids on roots 0 65 
Per cent control 100 





described in the previous test. The other 
plot was untreated. Stem diameter, height 
and width of crown, and root condition 
of each plant in both plots were recorded. 
When examined five and 18 months later, 
the roots of treated plants were free of 
aphids (Table 7). The root condition of 
these plants was improved 5 months 


poor condition typical of infested roots 
after 18 months (Table 8). Aphids were 
found on aerial portions of the treated 
plants during the periods when alate fe- 
males were active. This could account for 
the poor root condition after 18 months. 
Stem diameter and crown height and 
width were not affected adversely by 
chlordane (Table 8). This agrees with 
the findings of Simkover & Shenefelt 
(1952). 

Discussion.—It is possible that this 
aphid depends on ants for survival. If 
this is true and the ants are controlled 
by chlordane, then it could not infest 
roots of plants grown in soil so treated. 
However, as indicated above, the presence 
of aphids on the foliar portion of the plants 
may result in a poor root-condition simi- 
lar to that caused by aphids on the roots. 


Table 7.—Residual action of chlordane against 
Cinara winonkae, Milford, Delaware, October 
1950—April 1952. 








CHLORDANE UNTREATED 


Number plants 10 


10 


| Pre-Treatment 
Number with aphids | 10 | 0 


on roots | 
Post-Treatment 


5 months 0 | 0 
| 18 months 0 2 
Per cent control after 100 


| 
18 months 
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Table 8.—Effect of 0.8 gram of chlordane on 
iwo-year-old Chinese arborvitae after 18 months, 
Milford, Delaware, October 1950—April 1952. 








. | > 
Cuior- | Un- 





YEAR DANE | TREATED 
Color of roots 1950 Brown Red 
1951 Red Red 
1952 Brown Red 
Averages/inches 
Stem diameter | 1950 | 0.29 | 0.33 
1952 | 0.42 0.44 
Crown height 1950 ‘i an ee o 
1952 8.8 8.7 
Crown width 1950 4.9 4.8 
1952 5.2 5.2 





Therefore, two steps are necessary to 
insure control. First, the wingless forms 
on the roots; and, second, both forms 
on stems and branches must be destroyed. 
Those on the roots can be controlled, 
either by injecting chlordane spray about 
the roots or by disking this material into 
the soil before planting. Aphids on stems 
and branches can be controlled with a 
forcible surface spray of either parathion 
or BHC. Because alate females are pres- 
ent in spring and again in fall, this meas- 


ure must be carried out at both of these 
times to prevent infestation. 

SumMAryY.—An arborvitae aphid, (7- 
nara winonkae Hottes, isa pest of economic 
importance on nursery plantings of Chi- 
nese arborvitae in Delaware. It is possible 
that this species is actually C. tujafilina 
(Del G.). Life history studies show that 
this insect is present on the roots of 
Chinese arborvitae throughout the year, 
and that large numbers appear on the 
aerial portions of the plants in both spring 
and fall. It is associated, almost invari- 
ably, with ants. Feeding of these aphids 
‘auses a reduction in the height and width 
of the foliage and in the stem diameter 
of plants. In addition, it results in re- 
peated die-back of the root-tips and an 
abnornial color in the roots. Infestation 
of roots can be prevented by disking 
chlordane into the soil at the rate of 5 
pounds per acre before planting. Aphids 
already on the roots can be controlled 
by injecting a spray of chlordane into the 
soil about the roots. Aphids on the foliar 
portions of plants can be controlled by 
a forcible surface spray of 15 per cent 
parathion or BHC (6 per cent gamma) 
at rates of 2 and 4 pounds, respectively, 
per 100 gallons of water. 


LITERATURE CITED 


Costa Lima, A. M. da. 1936. Terceiro catalogo dos insectos que viven nas plantas do Brasil. Rio de 


Janeiro, Ministerio da Agricultura, 141. 


Davidson, W. M. 1914. Plant louse notes from California. Jour. Econ. Ent. 7(1): 127-36. 
Eden, W. F., and F. S. Arant. 1949. Control of the imported fire ant in Alabama. Jour. Econ. Env. 


42(6): 976-9. 


Felt, E. P. 1926. Manual of tree and shrub insects. MacMillan Co., N. Y. 142. 
Fenton, F. A. 1940. Life history and control of destructive nursery insects in Oklahoma, Southern 


Florist and Nurseryman 49(26): 5. 


Hottes, F. C. 1934. Aphid descriptions and notes. Proc. Biol. Soc. Wash. 47: 1-8. 

McDaniel, E. I. 1937. Controlling sucking insects on conifers. Mich. State Col. Ext. Bul. 175. 
Phillipps, H. L. 1938. Pest notes for June. Garden Gossip 13(6): 10. 

Schread, J. C. 1949. A new chlorinated insecticide for control of turf inhabiting insects. Jour. Econ. 


ENT. 42(3): 499-502. 


Simkover, H. G., and R. D. Shenefelt. 1952. Phytotoxicity of some insecticides to coniferous seedlings 
with particular reference to benzene hexachloride. Jour. Econ. Ent. 45(1): 11-15. 
Smith, R. C. 1932. A summary of the population of injurious insects in Kansas for 1931. Jour. Kan. 


Ent. Soc. 5(3): 65-92. 


Timberlake, P. H. 1924. Notes on Hawaiian Aphidae, with list of food plants. (Homoptera). Hawaii 


Ent. Soc. Proce. 5(3): 450-60. 


Weigel, C. A., and L. G. Baumhofer. 1948. Handbook on insect enemies of flowers and shrubs. U.S.D.A. 


Misc. Pub. 626: 9-20. 


Willey, C. R. 1938. The arborvitae aphid. Flor. Exch. and Hort. Trade World. 90(9): 16. 








Late-Season Control of Boll Weevil and Bollworm 
with Sprays and Dusts in 1950 


C. R. Parencta, Jr., and K. P. Ewrna, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine'* 


Late-season damage by the boll weevil, 
Anthonomus grandis (Boh.), and the boll- 
worm, Heliothis armigera (Hbn.) in cen- 
tral and northern Texas in 1950 afforded 
an opportunity to conduct experiments 
with various sprays and dusts for the con- 
trol of these insects. Experiments 1 to 10 
were conducted near Waco, and experi- 
ment 11 in northern Texas near Ladonia. 
Although the boll weevil was of primary 
importance, the bollworm was also im- 
portant in experiments 2, 5, and 11. 

MaTerIALs AND ProcepuRE.—The 
plots in experiments 1 and 4 were 16 rows 
wide and 0.2 acre in size; those in experi- 
ments 2 and 3 were 14 rows wide and 
0.125 acre in size. These plots were ar- 
ranged in randomized blocks with four 
replications of each treatment. The re- 
mainder of the experiments were con- 
ducted on large plots of from 2 to 20 acres. 
There were no replications of treatments 
except in experiment 11, where each of 
three replicates was in a separate field. 

The insecticidal treatments used in 
these experiments are given in table 1. 
The toxaphene and DDT-benzene hexa- 
chloride dusts were standard commercial 
products. The other dusts and emulsion 
concentrates were obtained from various 
manufacturers. 

All the dusts were applied with rotary 
hand guns. In the small-plot experiments 
the sprays were applied with a cart-type, 
hand-drawn machine constructed espe- 
cially for the purpose. Its performance was 
similar to that of tractor-mounted spray 
machines used in the large-scale experi- 
ments. A small engine was used to drive 
the pump. The cart containing the spray 
equipment was mounted on two bicycle 
wheels, and it was drawn by one man at 
an approximate speed of 3 miles per hour. 
Three nozzles per row were used, and the 
spray applied was 9 gallons per acre. 

In the large-scale experiments, with the 
exception of experiment 11, the sprays 
were applied with 8-row, tractor-attach- 
ment, low-pressure and low-volume ma- 
chines. Three nozzles per row were used, 
and the volume of spray applied was 6 


gallons per acre. The sprays in experi- 
ments 1 through 10 were applied at a 
pressure of 60 pounds per square inch. A 
Piper Cub airplane was used in experi- 
ment 11. The boom was suspended from 
the wings and the fuselage of the plane, 
and was equipped with fourteen sixteenth 
inch jet nozzles. A gear pump forced the 
spray through the boom and the nozzles. 
The equipment delivered 2.5 gallons of 
emulsion per acre at a pressure of 40 
pounds per square inch. 

The procedure and method of recording 
data were the same as those reported by 
Ewing & Parencia (1943). The cotton 
fleahopper, Psallus seriatus (Reut.), the 
cotton aphid, Aphis gossypii Glov., and 
spider mites, Tetranychidae, did not be- 
come sufficiently numerous to cause ap- 
preciable damage in the experiments. 

Resutts.—In experiment 1 each treat- 
ment reduced the boll weevil infestation 
significantly below that of the untreated 
check, but there was no significant dif- 
ference between treatments. 

In experiment 2 each treatment re- 
duced the boll weevil infestation signifi- 
cantly below that of the untreated check, 
and the aldrin-DDT dust treatment gave 
significantly better control than the three 
spray treatments. This difference in con- 
trol, was not reflected in the yield. 

In experiment 3 each treatment, with 
exception of the heptachlor-DDT spray, 
reduced the boll weevil infestation signifi- 
‘antly below that of the untreated check. 
Toxaphene dust gave significantly better 
control than the dieldrin and heptachlor- 
DDT sprays. With dieldrin there was no 
significant difference in control or yield 
whether it was applied as a dust or as a 
spray. Toxaphene dust gave a signifi- 
cantly higher yield than any of the sprays 
and the toxaphene-DDT spray. signifi- 
cantly higher yield than the heptachlor- 
DDT spray. 

In experiment 4 each treatment except 


1In cooperation with the Texas Agricultural Experiment 
Station. 

2 Thanks are extended to H. S. Johnson, Jr., C. B. Cowan, 
Jr., and W. N. Kettler for assistance in making the field-plot 
records for the experiments reported herein, 
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Table 1.—Effectiveness of several organic insecticide treatments against boll weevils and bollworms 








in central and northern Texas, 1950. 


YIELD oF SEED 














Dust or : 
SPRAY Bou BoLLworRM Corton PER ACRE 
PER WEEVIL INFESTATION 
TREATMENT ACRE- Punce- — Gain 
(Per cent, or pounds of Active APPLICA- TURED Injured Injured Over 
Ingredient Per Acre) TION Squares Squares  Bolls Total Check 
Pounds Per Cent PerCent PerCent Pounds Pounds 
Small-Plot Experiments 
Experiment 1(5 applications July 28, Aug. 2, 7, 11, 19) 
Dusts: 
Toxaphene 20%-+sulfur 40% 15 20 1 6 1107 125 
Chlordane 10%+DDT 5%-+sulfur 
40% 16 28 ] 7 1122 140 
Aldrin 2.5% +DDT 5%-+sulfur 
40% 16 2 2 1128 146 
Dieldrin 2.5% 15 22 2 6 1166 184 
Heptachlor 5%+DDT 5% 15 26 I 6 1165 183 
Untreated check — 46 2 8 982 = 
Difference required for significance, 
5% level — 12 _ — — — 
Experiment 2 (7 applications Aug. 8, 12, 17, 22, 25, 29, Sept. 1) 
Dusts: 
Benzene hexachloride, gamma 3% 
+DDT 5%+sulfur 40% 16 63 l Q 1273 426 
Aldrin 2.5%+DDT5%-+sulfur 
40% 17 55 I 2 1271 424 
Sprays: 
Gallons 
Benzene hexachloride, gamma 0.45 
lb., DDT 0.75 Ib. 9 69 I 1 1220 373 
Aldrin 0.375 lb., DDT 0.75 Ib. 9 69 Q 1 1139 292 
Heptachlor 0.45 Ib., DDT 0.75 |b. 9 68 1 1 1167 320 
Untreated check — 79 1 Q 847 - 
Difference required for significance, 
5% level — 9.6 -— - 136 - 
Experiment 3 (8 applications Aug. 3, 8, 12, 17, 22, 25, 29, Sept. 1) 
Dusts: 
Pounds 
Toxaphene 20%-+sulfur 40% 14 37 1 0 1376 568 
Dieldrin 2.5% 15 42 1 2 1274 166 
Sprays: 
Gallons 
Toxaphene 1.8 lb., DDT 0.9 lb. 9 46 1 1 1222 414 
Dieldrin 0.33 Ib. 9 53 2 2 1166 358 
Heptachlor 0.66 lb., DDT 0.66 Ib. 9 62 2 1 1086 278 
Untreated check 77 2 2 808 oo 
Difference required for significance, 
5% level a 15 — — 131 — 
Experiment 4 (6 applications, July 21, 26, 31, Aug. 4, 9, 15) 
Dust: 
Toxaphene 20% +sulfur 40% 13 31 4 4 1229 380 
Sprays: 
Gallons 
Toxaphene 2.5 lb. 9 56 8 8 1113 264 
Benzene hexachloride, gamma 0.375 
lb., DDT 0.625 Ib. 9 49 4 6 1120 271 
Aldrin 0.31 Ib., DDT 0.625 lb. 9 50 + 5 1136 287 
Dieldrin 0.31 Ib. 9 44 8 9 1112 263 
Untreated check — 67 5 6.5 849 
Difference required for significance, 
— 12.5 2 3 82 - 


5% level 
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Table 1.—Continued 





Dust or YIELD OF SEED 








SPRAY Bou. BoLLWorM Corton PER ACRE 
PER WEEVIL INFESTATION ——_—_—_—_——_—_— 
‘TREATMENT ACRE- Punc- ———_—_—_—_—— Gain 
(Per cent, or Pounds of Active APPLICA- = TURED Injured Injured Over 
Ingredient Per Acre) TION SQuARES Squares Bolls Total Check 
Pounds Per Cent Per Cent Per Cent Pounds — Pounds 
Large-Scale Experiments 
Experiment 5 (6 applications July 20, 25, 31, Aug. 4, 9, 15) 
Dust: 
Pounds 
Toxaphene 20%-+sulfur 40% 14 22 Q 3 1225 539 
Sprays: 
Gallons 
Toxaphene 2.75 lb. 6 40) 7 10 1064 378 
Dieldrin 0.33 lb., DDT 0.67 lb. 6 36 4 7 1120 434 
Benzene hexachloride, gamma 0.4 
lb., DDT 0.67 Ib. 6 50 3 1 1136 450 
Aldrin 0.33 Ib., DDT 0.67 lb. 6 47 3 7 1042 356 
Untreated check — 73 r $8 686 
Experiment 6 (4 applications July 31, Aug. 5, 10, 16) 
Dust: 
Pounds 
Toxaphene 20%-+sulfur 40% 15 11 0 5 1280 254 
Spray: 
Gallons 
Toxaphene 2 lb., DDT 1 Ib. 6 14 0 5 1276 250 
Untreated check — 30 l 2 1026 — 
Experiment 7 (4 applications July 31, Aug. 5, 10, 16) 
Sprays: 
Aldrin 0.25 lb., DDT 0.5 Ib. 6 16 1 5 1146 22 
Aldrin 0.375 lb., DDT 0.75 Ib 6 1] 1 5 1186 261 
Aldrin 0.5 lb., DDT 1 Ib. 6 15 0 5 1160 235 
Untreated check — 45 1 t 925 - 
Experiment 8 (5 applications Aug. 1, 5, 10, 16, 21) 
Sprays: 
Toxaphene 2 lb., DDT 1 Ib. 6 26 l 2 1443 307 
Aldrin 0.25 lb., DDT 0.5 Ib. 6 31 l 2 1308 172 
Aldrin 0.375 Ib., DDT 0.75 |b. 6 29 I 3 1449 313 
Aldrin 0.5 lb., DDT 1 Ib. 6 32 1 a 1527 391 
Untreated check — 66 I 2 1136 
Experiment 9 (6 applications Aug. 1, 5, 10, 16, 21, 25) 
Sprays: 
Aldrin 0.25 Ilb., DDT 0.5 Ib. 6 52 2 3 1122 204 
Aldrin 0.375 Ib., DDT 0.75 Ib. 6 43 ] 3 1212 294 
Aldrin 0.5 lb., DDT 1 Ib. 6 41 ] 2 119] 273 
Untreated check ~ 76 2 t 918 — 
Experiment 10 (4 applications Aug. 8, 14, 18, 23) 
Sprays: 
Toxaphene 8 |b. 6 50 ] 2 1150 205 
Toxaphene 2 lb., DDT 1 lb. 6 28 2 l 1186 241 
Dieldrin 0.375 |b. 6 26 ] l 1192 247 
Dieldrin 0.25 lb., DDT 0.5 Ib. 6 28 I 3 1200 255 
Aldrin 0.25 lb., DDT 0.5 Ib. 6 34 ] 3 1222 Q77 
Aldrin 2.375 lb., DDT 0.75 Ib. 6 32 4 2 1264 319 
Untreated check — 73 2 3 945 “= 
Experiment 11 (15 applications, July 21, 25, 30, Aug. 2, 7, 11, 15, 21, 25, 29, Sept. 2, 8, 13, 21, 25) 
Sprays: 
Aldrin 0.375 lb., DD'T 0.375 1b. 2.5 34 2 3 1729 1475 
Toxaphene 3 lb.2 2.5 49 5 6 1335 1081 
Untreated check 66 22 29 254 — 
Difference required for significance, 
5% level — 14 — 14 387 — 
1 No DDT used in first two applications. 
* Dosage 2.25 pounds in first two applications. Plots dusted with 20% of toxaphene plus 40% of sulfur on August 15, 21, and 2 
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(oxaphene spray reduced the boll weevil 

nfestation significantly below that of the 
inte check. Toxaphene dust gave 
significantly better control than any of 
the sprays. There was no significant dif- 
ference in the control obtained with the 
various spray treatments. The bollworm 
square injury records show that the in- 
festation was significantly lower in the 
toxaphene dust and benzene hexachloride 
plus DDT and aldrin plus DDT spray 
treatments than in the toxaphene spray 
and dieldrin spray treatments. Toxaphene 
dust reduced the boll injury significantly 
below that of the toxaphene and the 
dieldrin sprays. Each treatment produced 
significantly more seed cotton per acre 
than the untreated check. Toxaphene dust 
produced a significantly higher yield than 
each of the four spray treatments. 

Experiment 5 was in the same field with 
small-plot experiment 4. The same treat- 
ments were used in both experiments ex- 
cept that dieldrin spray was used with 
DDT in experiment 5 and alone in experi- 
ment 4 All of the materials gave similar 
results against boll weevils and bollworms. 
Toxaphene dust gave the best control of 
hoth insects, and toxaphene spray gave 
the poorest control of the bollworm. Di- 
eldrin plus DDT spray gave bollworm 
control comparable to that obtained with 
the other sprays containing DDT. The 
highest gain in yield of seed cotton per 
acre over that of the untreated check 
539 pounds—was obtained with toxa- 
phene dust. 

In experiment 6 there was little differ- 
ence in boll weevil control or in yield be- 
tween a toxaphene cust and a toxaphene- 
DDT spray. 

In experiments 7, 8, and 9 the same 
three dosages of aldrin plus DDT, applied 
as sprays, were compared. The 0.375- 
pound dosage gave better boll weevil con- 
trol and higher increases in yield than 
the 0.25-pound dosage. Sufficient DDT 
was included with each dosage of aldrin 
for bollworm control. The 0.5-pound dos- 
age performed about as did the 0.375- 
pound dosages. In experiment 8 a toxa- 
phene-DDT spray was about as effective 
as the 0.375-pound dosage of aldrin. 

In experiment 10 the poorest boll weevil 
control was obtained with the spray con- 
taining toxaphene alone. This plot had a 
higher initial infestation than the other 
test. plots and adjoined the untreated 
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check, which may explain the poor control 
obtained. The boll weevil control obtained 
with dieldrin and dieldrin plus DDT was 
about the same. 

Experiment 11 was conducted in June- 
planted cotton under conditions of con- 
siderable rainfall. No attempt was made 
to reapply insecticides when rain fell 
within 24 hours after application. The 
cotton growers and airplane pilots had all 
they could do to maintain a regular sched- 
ule of treatments at 4- to 5-day intervals. 
Because of these rains and failure to use 
insect-control measures, many growers in 
northern Texas lost their entire cotton 
crop. It is believed that aldrin gave better 
control than toxaphene because it kills 
weevils faster and therefore killed more 
weevils between rains. 

A heavy bollworm infestation de- 
veloped in this experiment early in August 
and continued through the first week of 
September. The aldrin-DDT spray at 
0.375 pound of each insecticide per acre 
gave better bollworm control than toxa- 
phe ne at 3 pounds per acre. This control 
was possible because treatments were in 
progress when the infestation developed 
and the applications were continued at 
regular intervals, thus killing the small 
bollworms as soon as they hatched. The 
aldrin-DDT mixture produced a signifi- 
cantly higher yield of seed cotton than did 
toxaphene. 

SumMMARY.—In 1950 several organic in- 
secticides applied as low-volume sprays 
and as dusts were tested in small-plot and 
large-scale field experiments against late- 
season infestations of the boll weevil, 
Anthonomus grandis (Boh.), and the boll- 
worm, Heliothis armigera (Hbn.). One 
large-scale airplane experiment was con- 
ducted in northern Texas near Ladonia 
and the other experiments were conducted 
in central Texas near Waco. 

The following dust treatments were 
equally effective in controlling the boll 
weevil: 20 per cent of toxaphene plus 40 
per cent of sulfur; 10 per cent of chlor- 
dane, 5 per cent of DDT, and 40 per cent 
of sulfur; 2.5 per cent of aldrin, 5 per cent 
of DDT and 40 per cent of sulfur; 5 per 
cent of DDT, 40 per cent of sulfur, and 
enough benzene hexachloride to provide 3 
per cent gamma isomer in the finished 
dust; 5 per cent of heptachlor and 5 per 
cent of DDT; and 2.5 per cent of diel- 
drin. 











112 


In one small-plot experiment there was 
no significant difference in yield between 
plots dusted with a mixture of DDT, sul- 
fur, and either benzene hexachloride or 
aldrin, and those sprayed with DDT plus 
benzene hexachloride, aldrin, or hepta- 
chlor. In another experiment plots dusted 
with toxaphene or dieldrin produced sig- 
nificantly higher yields than a_ plot 
sprayed with heptachlor-DDT. In the 
same experiment there was no significant 
difference in yield when dieldrin was ap- 
plied as a dust and as a spray. 

In one small-plot and one large-scale 
experiment toxaphene dust gave better 
boll weevil control and higher increases in 
yield than sprays containing toxaphene, 
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benzene hexachloride plus DDT, aldrin 
plus DDT, or dieldrin. Dieldrin applied at 
a boll weevil dosage did not give satisfac- 
tory bollworm control, and toxaphene was 
more effective against bollworms when ap. 
plied as a dust than as a spray. In four 
large-scale experiments a 0.375-pound 
dosage of aldrin gave better boll weevil 
control and higher increases in yield than 
a 0.25-pound dosage. In a large-scale ex- 
periment with three replications of each 
treatment, aldrin-DDT spray applied 
by airplane at the rate of 0.375 pound of 
-ach insecticide per acre gave significantly 
better boll weevil control and a signifi- 
‘antly higher yield than a_ toxaphene 
spray applied at 3 pounds per acre. 


LITERATURE CITED 
Ewing, K. P., and C. R. Parencia, Jr. 1943. Dosages of insecticides to control the boll weevil and the 


bollworm. Jour. Econ. Ent. 36(4): 607-10. 


Laboratory Tests of Acaracides on Eggs of 
European Red Mite’ 


Howarp W. Hintz, Heidelberg College, Tiffin, Ohio 


The stage of the European red mite 
most difficult to kill is the egg. A high per- 
centage of eggs generally survive any 
cover spray now applied to pomaceous or 
stone fruits. This is unfortunate since 
either winter or summer eggs are present 
throughout the year with the possible ex- 
ception of a few days in May. 

At present, to get good mid-growing 
season control of the mite, a series of at 
least two spray applications is considered 
necessary. The first spray kills the active 
forms and stops production of eggs. The 
second spray kills the active forms which 
hatched from eggs surviving the first 
spray. If properly timed, this second spray 
will kill the newly hatched mites before 
oviposition has started and thus will en- 
sure seasonal control. 

Various workers have noted that often 
some eggs are killed by certain summer 
sprays. Lienk & Chapman, 1951, reported 
EPN, parathion, and S-(1,2-dicarbethoxy- 
ethyl) -ortho-ortho-dimethy1]-dithiophos- 
phate as showing definite ovicidal action. 
Armstrong? found that para-chloropheny], 
para-chlorobenzene sulfonate exhibited 
important ovicidal action. On the other 
hand, Bottger & Yerrington (1951) 
showed that for parathion the median 


lethal dosage for eggs was about 370 
times the m.|.d. for the active forms. 

In the past 20 years there have been 
many papers reporting dormant sprays 
used against the European red mite 
winter eggs. Oils have remained the most 
satisfactory. No organic compounds used 
separately or with oil have come into gen- 
eral commercial use, except when control 
of aphids is an important consideration. 
Lienk & Chapman (1951) report 0.25 to 
0.75 per cent dinitro sec. butyl phenol to 
be inferior to 2 per cent oil. Andersen 
(1947) has shown that the effectiveness 
of dinitro-o-cresol increases rapidly with 
an increase in humidity, and that an in- 
crease in temperature increases the effec- 
tiveness at high humidity but not at low. 
This may explain some of the discrep- 
ancies between the results of laboratory 
and orchard tests of dinitro compounds. 

Even though the best dormant sprays 
will kill up to 99 per cent of the winter 
eggs, the 1 per cent or more that survive 
usually give rise to damaging midsummer 
populations. Cover sprays rarely give egg 

1 Conducted at the Ohio Agricultural Experiment Station 
under the direction of Dr. Clifford R. Cutright, apple insects, 
and Dr. Claude R. Neiswander, assistant chairman of the de 


partment of entomology, Ohio State University. 
2 In “Down to Earth,” Summer, 1950. 
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kills as high as 90 per cent. Because of the 
rapid breeding of the mite, even 10 per 
cent survival of the eggs in June or early 
July could mean further damage. 

This situation makes it worth while to 
scarch for information which will increase 
egg mortality. 

Mertuops.—Tests were made during 
the spring and summer of 1951 in Wooster, 
Ohio. Twig segments bearing a number of 
counted winter eggs were fastened to 
cardboard squares in an upright position. 
The acaracides were then applied with an 
atomizer sprayer until the twigs were 
thoroughly wetted. After the application 
of spray materials, the eggs were incu- 
hated in an open insectary. They were not 
exposed to any precipitation, sunlight, or 
strong winds. A few days before hatching 
was expected to begin, a ring of tanglefoot 
was applied around the base of the twigs 
and after incubation was completed the 
hatched mites were counted. It was im- 
possible to make a count of unhatched 
winter eggs after the incubation period 
because of the presence of shells from 
previous years. 

Leaves infested with summer eggs were 
at first dipped in suspensions or solutions 
of the toxicant and agitated until wet. 
This method made it difficult to obtain 
uniform wetting, so it was abandoned and 
the ovicide was applied with a camel’s 
hair brush. This gave quick, uniform 
wetting. 

At the start of summer egg tests, sec- 
tions of leaves bearing eggs were affixed 
to a standard microscope slide. Poison 
was applied to this combination and the 
slides were stored in a regular slide box. 
The eggs were counted before treatment 
and the unhatched eggs were counted 
after the necessary incubation. Later, 
treated leaf-sections were cemented to 
squares of cardboard. A ring of tanglefoot 
around each section trapped hatching 
nites. A count of hatched mites and un- 
hatched eggs after incubation gave the 
data necessary to calculate the per cent 
kill. 

The second system was more efficient 
hecause fewer eggs had to be counted and 
less total counting was required. The 
bright red mite larvae were easier to see 
than the eggs, and as they were counted 
they were removed with a needle covered 
with tanglefoot so that none were counted 
twice. Eggs could not be manipulated in 
this fashion. 
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One Grimes tree supplied all the winter 
eggs used. Summer eggs were obtained 
from miscellaneous orchard trees which 
had good foliage and abundant eggs, or 
from small trees which were artificially 
infected with adult mites. In the latter 
case the age, or range of age, of the eggs 
was known, since the adult females began 
producing eggs soon after they were 
transferred to fresh foliage. Adult mites 
could be brushed from a leaf with camel’s 
hair brush without damaging the eggs. In 
this way a sample of day-old eggs could be 
obtained and treated at once or retained 
until they became of a desired age. 

Some of the formulations were tested 
against eggs known to be in different age 
groups. Another approach to this problem 
was to take samples of eggs ranging from 
one day old to hatching age, treat them, 
and then record the daily hatch. The per 
cent of total hatch which occurred each 
day showed the age at which eggs were 
most susceptible. Interesting results were 
obtained with parathion in this fashion. 

Sources OF Error.—aAn error of sev- 
eral per cent is to be expected when small 
clustered objects are counted. This is ac- 
cepted as a fact among medical techni- 
cians who expect an error as high as 5 per 
cent to be present in red blood cell counts. 
The winter eggs of the European red mite 
are particularly difficult to count accur- 
ately because they occur in closely packed 
masses. 

The second important source of error 
was due to the difficulty of maintaining 
suspensions of wettable powders, espe- 
cially in the heavier dosages. The error in 
this case must always be on the negative 
side, in that the concentrations which 
reached the eggs were less than those 
which were prepared. 

Discussion OF ReEsuurs.—It is im- 
portant to note that the per cent kill 
figure given in the tables refers to the per 
cent of viable eggs which were killed. 
That is, a correction has been made for 
check mortality. The check mortality of 
the winter eggs was thirty per cent 
whereas that of summer eggs ranged from 
three to fourteen per cent. The calculation 
for each sample is carried out as shown 
below: 
per cent kill = 
unhatchedeggs — expectedmortality 


; 100. 
sample — expected mortality m 


For example, if, in a sample of 100 winter 
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Table 1.—Summary of tests on winter eggs. 
Four samples used for each concentration. 
Sprayed Apr. 19, hatch began Apr. 30. 





Per Cent Kini 
or ViaBLe Eaas 





Dosact Tor AL — sae eo * 
MATERIAL* (100 gal.) Eaas Range Ave rage 
Phenol-a 10.0 pt. 1187 — 1000 
5.0 pt. 1122 - 100 
2.5 pt. 1080 -— 100 
Kleenup 8.0 gal. 1052 —_ 100 
Soluble 4.0 gal. 1036 95-97 96.1 
1.0 gal. 1020 78-93 85.7 
Phosphate 5.0 Ib. 1140 — 100 
27% W.P. 2.5 lb. 932 93-97 94.4 
1.2 Ib. 1003 84-93 89.4 
Carbinol-a 10.0 pt. 1087 98-100 99.2 
25° emulsion 5.0 pt. 1006 82-98 90.5 
2.5 pt. 996 61-80 74.4 
Phosphate a +.0 pt. SS4 91-98 94.2 
$2°) emulsion 2.0 pt 1028 53-84 70.2 
1.0 pt. 908 31-61 45.3 
Phosphate-cl 10.0 pt. 1013 99-100 99.7 
50°) emulsion 5.0 pt. 1922 91-95 93.0 
2.5 pt 952 66-84 75.3 
Sulfonate-a 15.0 1b 1025 89-96 91.6 
50% W.P. 7.5 |b 1051 88-95 91.9 
3.8 Ib. 1048 75-93 86.8 
Phosphate-b 5.0 Ib. 973 59-76 66.5 
15% W.P. 2.5 |b. 1031 33-74 48.1 
1.3 Ib. 930 51-69 56.2 
Sulfone-a 15.0 Ib. 1042 27-49 40.5 
40°), WLP. 7.5 |b. 988 8-39 18.7 
3.8 Ib 1042 3-51 27.1 
Sulfite-a 10.0 pt. 1107 0-22 12.0 
30% emulsion 5.0 pt. 1219 - 5.2 
2.5 pt. 1058 0.0 
DDT 6.0 pt. 1063 1-22 9.2 
25% emulsion 3.0 pt. 1071 - 10.3 
* Phosphate-a. EPN-300. Ethyl p-nitrophenyl thionoben- 
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zenephosphon¢ ~ (27% W.P 
Phosphate-al. EPN (3% 
Phosphate-b. Parathion. 

phenylthiophosphate (159% W.P. 
Phosphate-bl. Parathion (3°% W. F.. 

Phosphate-c. Malathon. 4049. 6,0-dime Ta dithiophosphate 
of diethyl mercaptosuccinate (25° W.P. 

Phosphate-cl. Malathon (50° e leash. 

Phosphate-d. Metacide. 24.5% 0,0-dimethyl 0-p-nitropheny! 
thiophosphate, 6.2°% parathion, and 2.7% related organic phos- 
phates (emulsion). 

Phosphate-e. Systox. 0,0-diethyl 0-2-( 
thiophosphate (42° emulsion). 

Sulfonate-a. Ovotran. p-chlorophenyl p-chlorobenzene  sul- 
fonate (80° W.P.). 

Sulfonate-b. Genite. General Chemical 923. 
ag sulfonate (50° emulsion). 

Sulfone-a. Sulphe none. Stauffer R-242. p+ hloropher ny] pheny! 
sulfone cal other related diary! sulfones (40% P 

Sulfite-a. Ar: umite, B-chloroethyl (tert. butyl phe ae iso- 
propyl sulfite (15° % W.P.). 

Sulfite-al. Niagaramite. 

Carbinol-a. Dimite. Di 
(25% emulsion). 

Phenol-a. DN-289, Triethanolamine salt of dinitro sec. 
phenol (36% emulsion). 

DDT-a. Deenate. 25% emulsion. 


ak Ae 


Teiephon. 0,0-diethyl 0-p-nitro- 
P 


ethylmercapto)-ethyl 


2,4-dichloro- 


emulsion). 
methyl 


Aramite (30°; 


-(p-<« henge nyl) carbinol 


butyl 


eggs treated with 1 per cent oil, 50 per cent 
of the eggs hatched, the kill of viable eggs 
would be (50 minus 30) divided by — 
minus 30) multiplied by 100 equals 28 
per cent. 

It is also important to point out that 
these results show how the formulations 
will prevent successful hatching, rather 
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Table 2. fisaecace de of tests on summer eggs. 
Per Cunt Kini 
or VIABLE 





[GGSs 

Dosage No. Porat - - 

(100 OF Sam- Tora Aver 

MarertaL* gal.) Tests pLes Eces Range age 
Ph osphate -a = 407. 2 t $12 86-100 92.0 
27% W.P. 2 oz. 4 10 932 79-97 90.3 
1 oz. 6 15 1929 53-85 68.9 
0.5 02" 3 16 265 60-69 63.8 
Phosphate-al 16 oz. 1 2 175 70-87 78.8 
8% W.P. 8 oz. 1 2 198 52-59 55.8 
rpoamnte-eb $2 oz. 3 10 883 85-100 94.0 
/ 16 oz. 2 6 779 71-100 85.9 
8 oz. 1 4 309 46-73 61.4 
4 02. 1 + 332 22-36 27.9 
-s ae -bl 16 oz. 1 2 166 9-61 17.4 
> W. 8 07. 1 2 182 1-3 2.0 
Phosphate-c 16 oz. 5 9 764 76-96 89.2 
25% W.P. 8 oz. 3 6 650 76-94 84.4 
Phosphate-cl 2 pt. 1 2 352 93-96 94.4 
50% emuls. 1.6 pt. 1 2 191 87-89 88.1 
1 pt. 1 g 247 79-80 79.6 

Sulfonate-a $2 oz. 2 4 351 93-97 94.6 
50% W.P. 16 oz. l 2 109 89-94 =92..1 
8 oz. 7 14 1409 64-100 84.1 

4 oz. 8 16 1818 39-67 53.2 

2 oz. l 2 246 19-21 19.9 

Sulfonate-b 4 pt. 1 iY 232 91-100 95.2 
50% emuls. 2 pt. 1 $ 227 83-94 88.7 
1 pt. l 4 214 71-87 78.5 

0.5 pt. 1 t 231 39-81 55.3 

Sulfone-a 32 02. l 4 482 44-63 50.7 
10% W.P. 16 oz. 3 S 888 24-58 36.1 
8 oz. 1 t 444 21-27 23.8 

$ OZ. 1 t 304 11-28 18.4 

Sulfite-a 9 pt. 1 2 206 29-85 77.2 
30% emuls. .5 pt. l 2 184 19-20 19.4 
Sulfite- -a 32 oz. 1 + 516 7-20 «12.5 
15% W.P. 16 oz. 1 t 678 5-20 12.4 
8 oz. 1 4 $30 6-13 9.8 

4 02. 1 ‘ 387 3-11 5.6 

Phosphate-d 4 pt. 1 $ 865 63-96 84.4 
33°% emuls. 1.8 pt. 1 2 287 20-32 25.9 
TEPP .8 pt. 1 2 148 15-19 17.3 





* See footnote for table 1 


than being an index to true ovicidal ac- 

tivity. That is, an ideal ovicide would kill 
the egg at any stage of development, 

whereas many of the formulations used 
allowed the eggs to develop to the hatch- 
ing stage. Sometimes the mites would 
partly escape from the egg. Unless the 
mite had completely escaped, the egg was 
included among the number considered 
to have been killed. More often the dead 
mite could be seen through the transpar- 
ent egg shell, but no break could be de- 
tected in the shell. 

The number of tests listed in table 2 
show the extensiveness of the testing. 
Each test was carried out on eggs from a 
different source or at a different time of 
the season, or both. Each test included at 
least two samples. Some compounds were 
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HOURS OF INCUBATION 


Fig. 1.—Record of hatch of similar samples of Euro- 

pean red mite summer eggs treated at 0 hours in- 

cubation with parathion. The greatest mortality 

occurred among eggs which were oldest at the time 
of treatment. 


tested much more thoroughly than others. 
The formulations are tabulated ap- 
proximately in order of the amount of kill 
per ounce of active compound, the one 
with the highest rate of kill being listed 
first. Considered from the standpoint of 
kill per ounce, the organic phosphates-a, 
b,e in both the winter and summer tests, 
were superior to sulfonates which in turn 
were much better than the single sulfone 
tested. The sulfite was rather ineffective. 
As has been shown before TEPP is a very 
weak ovicide. In the summer testing 
another organic phosphate, O,O-dimethyl 
Q-p-nitrophenyl thiophosphate —(phos- 
phate-d) also appeared ineffective. 
Considered from the standpoint of kill 
obtained with the dosage usually used in 
orchard spraying, the sulfonates com- 
pared favorably in these tests with the 
better organic phosphates. EPN (phos- 
phate-a), however, seems superior to most 
other compounds in its ovicidal action. 
Heavy dosages of some of the materials 
were noted to kill the eggs at an early 
stage of development. For instance, when 
four pints of malathon (phosphate-c) per 
hundred gallons was applied to some 
small test trees, a true ovicidal action oc- 
curred and development of the eggs was 
stopped. One fourth of this dosage al- 


lowed most of the eggs to develop to the 
hatching stage, but prevented hatching of 
about 80 per cent of the viable eggs as 
shown in table 2. Malathon also showed 
ovicidal action in orchard tests. 

Parathion (phosphate-b) looked better 
as an ovicide in the laboratory than in the 
orchard. One pound per hundred gallons 
was quite effective in laboratory tests. A 
good kill was obtained with the same 
dosage when applied with an atomizer 
sprayer to small trees out of doors. Dinitro 
(phenol-a) was more effective against 
winter eggs in the testing used here, than 
it is in dormant field sprays. 

Several of the compounds were tested 
on eggs of different ages, but the age of 
the eggs caused no obvious differences in 
results with the methods used. The work 
with parathion, however, as shown in 
figure 1, showed that under these condi- 
tions the greater mortality occurred when 
this compound was applied to the older 
eggs. 

SumMMARY.—Eleven formulations were 
tested on winter eggs and 13 on summer 
eggs. The acaracides used included five 
organic phosphates, two sulfonates, a 
sulfone, and a sulfite. A carbinol and a 
dinitro phenol were used in addition on 
the winter egg. 

The tabulated results show what per- 
centage of viable eggs were prevented 
from hatching by each material and con- 
centration. In general, average dosages of 
the organics did not prevent development 
of the egg, but they often killed the larva 
before it could rupture the egg shell. 

Exploratory tests showed little differ- 
ence in mortality between eggs sprayed 
when they were 1 to 3 days old and eggs 
sprayed when they were 5 or 6 days old, 
except that parathion caused a_ higher 
mortality when applied to older eggs. 

EPN, parathion, malathon, and ovo- 
tran showed strongest ovicidal action 
against summer eggs in these tests. Much 
heavier dosages of all materials were re- 
quired for an equal kill of winter eggs 
when applied 11 days before start of hatch- 
ing. 
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In 1946, the junior author discovered a 
small and previously unnoticed mite feed- 
ing on orchids at College Park, Maryland. 
Subsequently, specimens of this mite were 
sent for identification to Dr. E. W. Baker 
at the U. S. National Museum at Wash- 
ington, D. C. Dr. Baker (1949) had pub- 
lished a description of the mite to which 
he had given the name Brevipalpus con- 
fusus as a new species. Later, however, he 
concluded that it was actually Brevipalpus 
australis, a previously described species. 
Acknowledgement of this synonymy was 
published by Pritchard & Baker (1951). 
The original description was made by 
Tucker? in 1926 who placed australis in the 
genus Tenuipalpus. At the time of 
Tucker’s description Brevipalpus was con- 
sidered to be a synonym of Tenuipalpus. 
Baker (1945) pointed out the validity of 
Brevipalpus stating that it should be used 
as the generic name of the inornatus group. 

Recently Brevipalpus australis (Tucker) 
has been reported attacking many species 
of orchids and has become a potentially 
serious pest of this group of plants. Ap- 
parently there has been no previous pub- 
lished work on a detailed biology of this 
species. The biology of a related species, 
Brevipalpus inornatus (Banks) was de- 
scribed by McGregor (1916). 

Although the original description was 
made in South Africa it seems doubtful 
that Brevipalpus australis is indigenous to 
that area. Lawrence (1943) states, “It 
seems extremely unlikely that 7. australis 
is an indigenous South African species, 
judging by its wide distribution in South 
Africa and the facility with which it is able 
to live on both introduced and indigenous 
plants. .. . It is noteworthy that the five 
species of Tenuipalpus recently described 
by the writer from indigenous trees in 
Natal are all confined to a single host 
plant and have been found on no other. 
Tenuipalpus australis, on the other hand, 
appears to have been able to adapt itself 
to a number of trees and shrubs, both na- 
tive and foreign.” 

At the present time Brevipalpus aus- 
tralis is widely distributed over the world 
and has been reported from the following 
localities on the following host plants: 
South Africa on citrus, Osteospermum 
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monoliferum, Bar ringtonia racemosa, Coc- 
cinia palmata, Rhus laevigata, Polygala 
virgata, Datura stramonium, Cistrum ele- 
gans, and Bizxa orellana; Palestine on 
citrus; Algeria on citrus; Egypt on citrus; 
Australia on citrus; Ceylon on tea; Ma- 
laya on rubber; Mexico on gardenia; 
Florida on citrus; Texas on citrus; Cali- 
fornia on citrus, potato sprouts and the 
following genera of orchids: Acineta, 
Anguloa, Beltia, Brassia, Catasetum, Den- 
drobium, Epidendrum, Gongora, Houlletia, 
Lycaste, Odontoglossum, Peristeria, Stan- 
hopea, and Trichophila. 

New records from orchids at Colleg« 
Park, Md. show T. australis to be present 
on Calanthe, Platyclinis, Oncidium, and 
seedlings of Cattleya. It should be noted 
that while Cattleya seedlings were fre- 
quently found infested, the mites were 
never found on mature Cattleya plants. 

Quayle (1938), in referring to the om- 
nivorous mite on citrus in South Africa, 
says that it is of a dull, uniform red color. 
This is true only of the early larval stage 
of those mites feeding on orchids. It was 
observed that a black pattern began to 
form during the later portion of the larval 
stage and progressively increased in size 
until it covered the greater part of the 
dorsal surface of the adult female. 

Insury TO Orcuips.—A description of 
the injury to orchids by the false spider 
mites is given by Pritchard (1952). He 
states, “False spider mites feed predonu- 
nantly on the upper surface of the leaves, 
puncturing the epidermal cells. Injured 
areas are silvery first, but become rusty 
brown.”’ At College Park the omnivorous 
mite has been observed on both surfaces 
of the leaves but the greater majority of 
mites are invariably on the underside. The 
reason for this discrepancy between the 
observations at College Park and the re- 
port by Pritchard is not known. Prit- 
chard’s description of the injury is the 
same as that observed at College Park. 
It might be added, however, that after the 
injured areas become rusty brown the 
1 Scientific Article, No. A388, Maryland Agricultural Experi 


ment Station. . 

2 Formerly, Graduate Ass‘ itant, Department of Entomology, 
University of Maryland, 1951-52. nes 

3 Union of South Africa Dept. of Agri. Div. of Ent. Memoir, 
5: 1-15, 

4 Acarina: Phytoptipalpidae. 
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pots frequently become sunken. In heavy 
infestations the surrounding area of the 
leaf becomes yellow and the leaf drops 
from the plant. 

In another publication Pritchard (1949) 
also reports discolored depressions and 
icaf drop as a result of the feeding of false 
spider mites. This latter type of injury 
has been observed more frequently and in 
a more pronounced state on Dendrobium 
phalaenopsis. 

The mites have been found on the 
leaves, the pseudobulbs, the flower spike 
and the flower. The leaves seem to be the 
preferred part of the plant. But since very 
few of the infested plants flowered during 
the course of this work it is difficult to 
make any statement about the part the 
flowers play in the diet of the mites except 
to say that those flowers that did appear 
were quickly infested with mites and did 
not last long. The mites themselves are 
not readily visible to the unaided eye. 
Therefore their presence is not generally 
recognized until the damage appears in 
pronounced form. 

Lire History.—In the following ac- 
count of the life history of Brevipalpus 
australis all stages were reared on leaves 
of Epidendrum cochleatum seedlings and 
were confined to the leaves with vaseline 
barriers. 

The eggs are .075 mm X.100 mm. el- 
liptical, and bright red in color. They are 
glued to the surface of the leaves. After 
the incubation period has been completed, 
an irregular splitting occurs around one 
end of the egg and the emerging larva 
pushes aside the end of the egg shell some- 
times leaving a portion of it connected 
with the rest of the shell. 

Observations were made on ihe length 
of the incubation period of the egg at dif- 
ferent temperatures and humidities. In 
general temperature rises decreased the 
length of the incubation period and in- 
creases in the relative humidity raised the 
percentage of eggs that hatched. Of the 
temperature-humidity combinations used 
that of 65° to 75° F. with a relative hu- 
inidity of approximately 55 per cent 
seemed to be the most favorable. These 
were the prevailing conditions in the green- 
louse where the studies were made. Un- 
der these conditions the average hatching 
lime for 20 eggs was 9.1 days. 

Immediately after emergence from the 
egg, the hexapod larva is a dull red color 
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and often less conspicuous than the 
bright red eggs. The body of the larva is 
the same size as the egg, .075 mm X.100 
mm. While the larva is far from being 
stationary it does relatively little moving 
about. After the first day or so of feed- 
ing, a characteristic black pattern begins 
forming on its dorsal surface. This pat- 
tern continues to grow with the mite. 
After feeding for several days the larva 
begins several days of inactivity. The in- 
activity is broken when the mite molts and 
takes on the form of the protonymph. 

Upon the completion of the larval pe- 
riod there is a transverse splitting of the 
skin on the dorsal surface a little behind 
the middle. The protonymph emerges 
from this split and leaves the larval skin 
attached to the leaf surface. In emerging 
from the old skin the anterior end of the 
protonymph emerges first and in the proc- 
ess of moving away the posterior end of 
the larval skin is frequently broken off. 

Under our greenhouse conditions the 
average length of the larval stage for 16 
larvae was 6 days. The quiescent period 
of these larvae lasted an average of 2.6 
days. 

The protonymph has four pairs of legs. 
A more rounded shape of the posterior 
end of the body, the size and the shape 
of the black pattern, and smaller size dis- 
tinguish the protonymph from the deuto- 
nymph which is the next stage. The major 
difference between the two nymphal 
stages is size. The protonymph is approxi- 
mately .187 mm X.112 mm and the deu- 
tonymph is approximately .246 mm X.124 
mm. Because of its larger size the deuto- 
nymph bears a closer resemblance to the 
adult than the protonymph, but a close 
examination of the posterior end of the 
body will easily separate adults from 
nymphs. The habits of the nymph are 
similar to those of the larva. Both nymph- 
al stages are separated into an active 
feeding stage and an inactive resting 
stage. 

During inactive stages the nymphs are 
completely flattened against the leaf sur- 
faces and are in some manner fastened to 
the leaf. To remove them from the leaf to 
which they are fastened, it is necessary 
to pry them loose. The process of fasten- 
ing apparently takes place at the begin- 
ning of the inactive period because when 
an inactive mite is moved and replaced 
on a leaf surface it remains in loose con- 
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tact and does not become fastened again. 
For this reason it was difficult to transfer 
successfully the inactive mites from one 
leaf to another. When so transferred they 
often fell from the leaf because of jarring 
or vibration or they fell during the proc- 
ess of molting. 

Molting is accomplished in the same 
manner as previously described for the 
larva. If the inactive mite has its fasten- 
ing to the leaf loosened before the time of 
the molt it cannot crawl out of the old 
skin as easily as when the skin is fastened 
to the leaf surface. 

The average length of the protonymph- 
al stage for 12 protonymphs was 4.1 
days including an inactive period of 2.0 
days. The deutonymphal stage was com- 
pleted by 11 deutonymphs in an average 
of 7 days including an inactive period of 
3.6 days. The above observations on the 
length of the nymphal stages were made 
in the greenhouse. Larger numbers of all 
of the immature stages were reared in the 
laboratory with a temperature range of 
70° to 85° F. and with an average relative 
humidity of 25 per cent. The lengths of 
the stages in the laboratory were approxi- 
mately the same as those obtained in the 
greenhouse with the exception of the egg 
stage. 

The adult female resembles the nymph. 
The adult male is quite different from the 
other stages. It is usually a dull red color 
and does not possess the black pattern 
that is typical of the nymph and adult 
female. In addition, the male has two 
transverse sutures on the dorsal surface 
of the body while the female has only one 
and the posterior end of the male’s body 
is more pointed. Immature males were 
never observed. 

In general the males are scarce. During 
the course of some control work 809 adults 
were counted of which 2 were males and 
the rest were females. No other counts 
were made, but from the observed occur- 
rence of males it is judged that this ratio 
is reasonably accurate. Apparently males 
are always present but in such small num- 
bers that they are extremely difficult to 
find. 

Parthenogenesis is definitely possible. 
A number of females that were isolated 
from all other mites from the beginning 
of the larval period were observed to lay 
eggs that matured to female mites. This 
was carried into the third generation. A 
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number of females were kept with males 
for a period of 7 to 8 days. All of the 
eggs laid by these females also matured 
into females. Judging from the observed 
sex ratio the incidence of females re- 
producing parthenogenetically must be 
high. 

Copulation was observed only once. 
The male assumed a position beneath the 
female and the posterior end of his body 
was bent upward and forward so that it 
made contact with the posterior tip of the 
female’s body. The position had already 
been assumed when the pair was dis- 
covered and it was held several minutes 
longer. 

The adult stage was by far the most 
active. The eggs were usually deposited 
on the under surface of the leaves by the 
female. The act of oviposition is rela- 
tively simple requiring only a minute or 
less for completion. The egg is apparently 
covered with a sticky substance as it 
passes from the body of the female. The 
eggs were always found to be glued tightly 
to the leaf surface. McGregor (1916) re- 
ported that the female of Brevipalpus in- 
ornatus deposited eggs with the long axis 
perpendicular to the leaf and that eggs 
were usually deposited in depressions, 
cast skins, and in the groove along the 
midvein. This was not observed to be 
true of Brevipalpus australis. Eggs seemed 
to be placed entirely at random. It is true 
that many were found in depressions and 
in cast skins but many more were found 
on the open flat surface of the leaf and 
they were placee with the long axis point- 
ing in all directions. The eggs are laid 
singly, and eggs that are frequently found 
in closely packed groups are apparently 
the result of many ovipositions. 

The females generally do not begin egg 
laying immediately after the last molt. 
The pre-oviposition period for 15 females 
was 3.8 days. Once a female began laying 
she continued at the rate of one egg per 
day. The observed extremes are no eggs 
and three eggs per day. A great deal of 
difficulty was experienced in attempting 
to confine the female from the time of the 
last molt until death. Two females were 
maintained for 25 days after the last molt. 
This is probably near the average dura- 
tion of the adult stage. 

Controu.—During the past few years 
a number of acaricides were tested against 
this mite in the Department of Ento- 
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uology greenhouse at College Park, Md. 
the most successful of these materials 
were a concentrated pyrethrum-rotenone 
insecticide® and a mixture of ethyl phos- 
phates. While these materials afforded 
some control, they were not completely 
satisfactory. A test was set up to compare 
these materials with di (p-chlorophenyl) 
methyl carbinol’? which was reported by 
Pritchard (1952) as giving good control 
against Brevipalpus australis in Cali- 
fornia. 

The materials were applied as a spray 
at the following dilutions: ethyl phos- 
phate mixture one-half teaspoon per 
quart, pyrethrum-rotenone concentration 
one teaspoon per quart, and di (p-chloro- 
phenyl) methyl carbinol one-fourth tea- 
spoon per quart. 

Thirty-two infested plants (all Dendro- 
bium sp.) were divided into four groups of 
eight plants each. Each of three of the 
groups was treated with one of the three 
above mentioned materials and the fourth 
was left untreated. The mite population 
on these plants was sampled immediately 
before treatment and two days after 
treatment. There was a slight increase 
in the population of the check group and 
population reductions in the other groups 
were as follows: di (p-chlorophenyl) 
methyl carbinol 94 per cent, ethyl phos- 
phates 68 per cent, and  pyrethrum- 
rotenone concentration 66 per cent. In 
addition to fine initial control, di (p- 
chlorophenyl) methyl carbinol possesses 
a residual action not present in the other 
materials tested. One week after treat- 
ment no living mites could be found on 
the group of plants that had been treated 
with this material. 

After the preliminary test was com- 
pleted di (p-chlorophenyl) methyl carbi- 
nol was used in large scale greenhouse 
treatment with excellent results. 
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In the course of these control tests di 
(p-chlorophenyl) methyl carbinol was ap- 
plied to plants belonging to the following 
genera: Vanda, Mazillaria, Cattleya, Cym- 
bidium, Cypripedium, Dendrobium, Cal- 
anthe, and Epidendrum. There was no ob- 
servable plant damage. 

SumMMARY.—1. The omnivorous mite, 
Brevipalpus australis (Tucker), was orig- 
inally a pest of citrus. In 1946, it was 
discovered on orchids at College Park, 
Maryland. It has since been reported as 
a pest of orchids in other parts of the 
country. 

2. The first observable injuries to or- 
chids by the mites are silvery areas ap- 
pearing on the leaves. These areas fre- 
quently become sunken and brown. The 
mites can be found on all parts of the 
plants and are not readily visible to the 
unaided eye. 

3. The mite feeding on citrus is re- 
ported as being of a uniform dull red 
color. When feeding on orchids the mite 
develops a black pattern on the body. 

4. The stages of the life cycle and their 
average lengths are, in order, egg 9.1 days, 
larva 6 days, protonymph 4.1 days, deu- 
tonymph 7 days, and adult 25 days. The 
length of the egg stage is affected to a 
great degree by temperature and hu- 
midity changes. 

5. Parthenogenesis is possible and, 
judging from the very few males that are 
found, the incidence of females reproduc- 
ing parthenogenetically is probably very 
high . 

6. Di (p-chlorophenyl) methyl carbi- 
nol appears to give very effective control 
of the Brevipalpus australis without ap- 
parent plant damage. Because this ma- 
terial has residual action it is more effec- 
tive than the other materials tested. 

5 Red Arrow Garden Spray. 


6 Kilmite, 
7 Dimite. 
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Control of Certain Greenhouse Insects and Mites with 
Tetraethyl Dithiopyrophosphate Smokes! 


R. N. Jerrerson, University of California, Los Angeles and G. E. Mack, Trojan Laboratories, 
Montebello, California 


The introduction of insecticidal smoke 
generators for hazardous insecticides such 
as parathion and tetraethyl dithiopyro- 
phosphate has provided a safe and con- 
venient method of application for these 
materials. According to Blauvelt (1952), 
smoke generators containing 15 per cent 
tetraethyl dithiopyrophosphate have given 
about the same control as the 5 per 
cent aerosol and are effective against 
spider mites, aphids, whiteflies, mealy- 
bugs and soft scale. The tetraethy] dithio- 
pyrophosphate smoke generators? became 
available in California in late 1951, and 
this paper reports on results obtained 
with them in more than 24 greenhouse 
ranges against various miies, aphids, 
mealybugs and scale insects. Observa- 
tions on plant tolerance were made on 
more than 140 species of greenhouse 
plants in 102 genera and 43 families. 

ProcepurE.—The individual genera- 
tors come in two sizes, one which treats 


5000 cubic feet and a large size which 
treats 20,000 cubic feet. However, where 
the ridge and eaves heights are approxi- 
mately 14 and 6 feet, respectively, a more 


convenient method is to calculate the 
dosage on the basis of square feet, using 
one small generator for each 500 square 
feet or one large generator for each 2000 
square feet of greenhouse space. Usually, 
the authors calculated the proper dosage 
and made the first application with the 
grower making the remaining applica- 
tions. With one or two exceptions, all of 
the ranges from which results are reported 
were checked by the authors for effective- 
ness of the applications and for plant 
tolerance. 

In general, 4 applications at 3 to 4 day 
intervals were made for mites, scales and 
mealybugs. In the case of hemispherical, 
black, and other scales, a second series of 
4 applications beginning 2 to 3 weeks after 
completion of the first series was recom- 
mended. Only one application was made 
for the control of aphids. Applications 
usually were made in the late afternoon 
with the greenhouse remaining closed 
overnight. 


Resutts.—Table 1 lists the species of 


insects and mites which were effectively 
controlled by tetraethyl dithiopyrophos 
phate smokes. In addition, promising 
results have been obtained against Dias- 
pis boisduvalit Signoret on Cattleya or- 
chids. No live scales could be found fol- 
lowing one series of applications but since 
it does not seem likely that the smoke 
would reach all of the scales under the 
sheaths, probably more than one series 
will be required for effective control. 

There were a number of ranges where 
effective control of spider mites and 
mealybugs was obtained but specimens 
for exact determination of the species 
were not collected. There were also several 
cases where aphid infestations developed 
and were controlled before the authors 
could obtain specimens for final deter- 
mination. 

PLant ToLtEeRANCE.—The plant toler- 
ance of tetraethyl dithiopyrophosphate 
smokes is excellent. Table 2 lists the 
plants which were treated without injury. 
The only injury occurred to papaya, 
coffee plant, and the flowers of carnations 
and Cattleya orchids. 

Papayas dropped most of their older 
leaves following the treatments and in one 
ase there was slight burning of tender 
new leaves. Some marginal burning of 
the leaves occurred on the coffee plant, 
but since this condition sometimes de- 
velops when no insecticide has been used, 
the tetraethy] dithiopyrophosphate smoke 
may not have been responsible. In the 
single carnation range treated, one com- 
plete series of four applications was made 
without injury. However, the first appli- 
‘ation of the second series resulted in 
“sleepiness” in the flowers. In the remain- 
ing applications the vents were opened 
after two and one half hours and no fur- 
ther injury resulted. Injury to Cattleya 
orchid flowers also occurred following 
treatment on a still night with the green- 
house being closed tightly overnight. In 
another orchid range where the vents 


1 Paper presented at 1952 meetings of the Pacific Branch of th« 
American Association of Economic Entomologists. 

2 Plantfume 103 Smoke Generator, Plant Products Corp. 

3 Appreciation is expressed to L. E. Myers for the identific: 
tion of the mealybugs and scale insects. 
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Table 1.—Greenhouse pests controlled by in- 
secticidal smokes of tetraethyl dithiopyrophos- 
phate.! 





Hosr or Type 
or Crop 
Cymbidium 
Carnation 
Foliage plants 


Insect on MITE 


Jwo spotted mite, Tetranychus bimaculatus 
Harvey 


Carnation 
Avocado 
Foliage plants 


Bud mite, Aceria paradianthi Keifer 
Broad mite, Hemitarsonemus latus (Banks) 
Citrus mealybug, Pseudococcus citri (Risso) 


Mango 


Long-tailed mealybug, Pseudococcus adoni- ; 
i Foliage plants 


ium (Linnaeus) 


Grape mealybug, Pseudococcus maritimus 
Ehrhorn) 
Mexican mealybug, Phenacoccus gossypii 
lownsend & Cockerell) 
California red scale, Aonidiella aurantii 
(Maskell) 


Gardenia 
Foliage plants 


Rose 


Rose 
Mango 
Pineapple 
Palm 


Latania scale, Hemiberlesia lataniae 
Signoret) 


Aspidistra scale, Pinnaspis aspidistrae Ferns 
Signoret) : 

Soft scale, Coccus hesperidum Linnaeus Foliage plants 

Gardenia 


Hemispherical scale, Saissetia hemisphaerica 
Foliage plants 


l'argioni) 


Black seale, Saissetia oleae (Bernard) Gardenia 
Foliage plants 
Foliage plants 


Aphids 
Cymbidium 





1 Plantfume 103 Smoke Generator, Plant Products Corp. 


Table 2.—Plants treated without injury with 





tetraethyl dithiopyrophosphate smokes. 


ACANTHACEAE 

Crossandra sp. (1)! 

Fittonia sp. (3) 

Peristrophe sp. (1) 
ANACARDIACEAE 

Mango (Mangifera indica) (1) 
ARACEA 

Anthurium sp. (3) 

A, crystallinum (1) 

Caladium sp. (1) 

Chinese Evergreen (Aglaonema simplex) (3) 

Dieffenbachia sp. (7) 

Nephthytis sp. (6) 

Philodendron cordatum (6) 

P. dubium (4) 

P. erubescens (3) 

P. giganteum (2) 

*P. haustatum (4) 

°P. imbe (2) 

P. pertusum (Monstera deliciosa) (8) 

*P. pinsatifidum (2) 

P. Selloum (2) 

“P. swamniferum (1) 

P. trifoliatum (5) 

Pothos sp. (1) 

Schismatoglottis sp. (1) 

Spathiphyllum sp. (1) 
ARALIACEAE 

tralia elegantissima (Dizygotheca elegantissima) 

(3) 

1. Sieboldii (Fatsia japonica) (1) 

Ivy (Hedera sp.) (2) 

Ivy (Hedera Hahnii) (2) 

Ivy (Hedera sp.—variegated) (2) 

Schefflera sp. (4) 
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ASCLEPIADACEAE 
Hoya carnosa (2) 
Stapelia variegata (1) 
Stephanotis floribunda (2) 

BALSAMINACEAE 
Impatiens Sultanii (1) 


BEGONIACEAE 


Fibrous begonia (Begonia semperflorens) (4) 


Rex begonia (B. Rex-cultorum) (4) 


Tuberous begonia (B. tuberhybrida) (1) 


BROMELIACEAE 
Bromeliads—6 var. (1) 
Billbergia sp. (2) 
Cryptanthus zonatus (1) 
Pineapple (Ananas comosus) (1) 
Tillandsia fasciculata (1) 

CACTACEAE 
Astrophytum sp.—8 var. (1) 
Cephalocereus senilus (1) 
Echinocactus sp. (1) 
Epiphyllum sp. (3) 
Espostoa sericactus (1) 
Mammillaria—6 species (1) 
Rebutia Fiebrigit (1) 

CARYOPHYLLACEAE 


Carnation (Dianthus Caryophyllus) (1) 


COMPOSITAE 
Kleinia repens (1) 
CRASSULACEAE 


*Aeonium arboreum (var. atropurpureum) (1) 


Crassula lycopodioides (1) 

Echeveria pulvinata (1) 

2Kalanchoe tormentosa (1) 

2K. lomenlosa (1) 

Sedum allantoides (1) 

2S. morganianium (1) 

S. multiceps (1) 

S. pachyphyllum (1) 

S. spathulifolium (1) 

S. Stahlii (1) 

S. Winkleri (1) 
DICKSONIACEAE (Tree Ferns) 

Cibotium sp. (1) 

C. Schiedei (1) 
ERICACEAE 

Azalea (Rhododendron sp.) (1) 
EUPHORBIACEAE 

Acalypha sp. (1) 

Croton (Codiaeum sp.) (6) 

Euphorbia splendens (1) 
GERANIACEAE 

Geranium sp. (1) 
GESNERIACEAE 

Gloxinia (Sinningia speciosa) (3) 

Saintpaulia sp. (5) 
LABIATAE 

Coleus sp. (4) 

Nepeta sp. (1) 
LAURACEAE 

Avocado (Persea americana) (1) 
LILIACEAE 

Aloe variegata (1) 

Dracena (Dracaena sp.) (5) 

D. Warneckii (2) 

D. Sanderiana (1) 

D. Godseffiana (2) 

Gasteria verrucosa (1) 

Haworthia fasciata (1) 

H. margaritifera, var. granata (1) 

Sansevierta sp. (4) 

28. hahnii (1) 

Veltheimia viridifolia (1) 
MALVACEAE 

Hibiscus sp. (1) 
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MARANTACEAE 
Maranta sp. (6) 
M. Kerchoveana (var. of M. leuconeura) (1) 
M. Warscewiczii (Calathea Warscewiezii) (1) 

MORACEAE 
Ficus elastica (4) 

F.. pandurata (F. lyrata) (7) 

F. repens (F. pumila) (1) 

F. retusa (F. nitida) (1) 

F. rubra (var, of F, elastica) (1) 

MUSACEAE 
Banana (Musa sp.) (1) 

MYRSINACEAE 
Ardisia sp. (1) 

ONAGRACEAE 
Fuchsia sp. (2) 

ORCHIDACEAE (Orchids) 

Cattleya sp. (2) 
Cymbidium sp. (1) 
Cypripedium sp. (1) 
Epidendrum sp. (2) 
Laelia sp. (2) 
Phalaenopsis sp. (2) 

PALMACEAE (Palms) 
*Araphis (1) 
Chamaedorea sp. (1) 
Kentia sp. (3) 
Neanthe bella (1) 
Phoenix Roebelenii (2) 
Seaforthia (Archontophoenix Cunninghamiana) (1) 

PANDANACEAE 
Pandanus sp. (3) 

P. Veitchii (1) 

PASSIFLORACEAE 
Passiflora quadrangularis (P. macrocarpa) (1) 

PIPERACEAE 
Peperomia sp. (4) 

PODOCARPACEAE 
Podocarpus macrophylla (1) 

POLY PODIACEAE (Common-fern family) 
Birds-nest-fern (Asplenium Nidus) (6) 
Boston (Nephrolepis exaltata var. bostoniensis) (6) 
Davallia sp. (1) 

Holly-fern (Cyrtomium falcatum) (1) 

Maidenhair (Adiantum sp.) (7) 

Polypodium Mandaianum (1) 

Polystichum tsus-simense (Aspidium tsus-simense) 
(1) 

2Pteris honsetti (1) 

P. tremula (2) 

P. Victoriae (var. of P. ensiformis) (1) 

Staghorn (Platycerium sp.) (1) 

PRIMULACEAE 
Cyclamen indicum (2) 

Primula obconica (1) 

ROSACEAE 
Rose (Rosa sp.) (3) 

RUBIACEAE 
Gardenia jasminoides (2) 

RUTACEAE 
Lemon (Citrus Limonia) (1) 

Orange (Valencia) (Citrus sinensis) (1) 
Trifoliate-orange (Poncirus trifoliata) (1) 

SAPOTACEAE 
Achras Sapota (1) 

SAXIFRAGACEAE 
Saxifrage (Saxifraga sp.) (1) 

SOLANACEAE 
Solanum sp. (1) 

URTICACEAE 

Pellionia sp. (1) 

Pilea sp. (1) 
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VITACEAE 
Cissus rhombifolia (1) 
C. antartica (1) 

C. hypoglauca (1) 





1 Numbers in parentheses refer to the number of different 
greenhouse ranges in which plants were treated. 
2 Not listed in Bailey’s Hortus Second. 


were opened after 2.5 to 3 hours, several 
applications were made without injury to 
Cattleya flowers. 

Discussion.—While excellent contro! 
of spider mites, aphids, scale insects and 
mealybugs was obtained when the smokes 
were applied according to directions, poor 
results were obtained in a few cases when 
the complete series of applications was 
not made, or when the interval between 
applications was too long. A heavy in- 
festation of Pseudococcus citri and Phena- 
coccus solani on Hoya carnosa was not con- 
trolled with two applications. In another 
case poor control of black scale and only 
fair control of soft scale was obtained. 
However, only one series of applications 
was made and the applications were made 
at irregular intervals. Only one instance 
occurred when poor cortrol of aphids was 
obtained and this is believed to be due to 
too low a dosage. 

The smokes were used in only three 
rose ranges. In the first, when no ap- 
preciable control of a tortricid was ob- 
tained with two applications, the grower 
discontinued the treatments and cleaned 
up the infestation with DDD. In the sec- 
ond range, where the applications were 
made primarily for the control of Cali- 
fornia red scale and latania scale, no con- 
trol was obtained of the two-spotted mite. 
In this range the two-spotted mite became 
resistant to parathion and tetraethy! 
dithiopyrophosphate aerosols about two 
years ago and apparently has maintained 
this resistance. The third range was not 
checked by the authors but the grower 
reported good control of the two-spotted 
mite. With the exception noted above, 
good control of spider mites was obtained 
in all cases. 

In the tests on the bud mite on carna- 
tions, a few live mites were found deep in 
the axils of the leaves following the first 
series of 4 applications. After the first 
application of the second series, no live 
mites could be found except in one corner 
of the range where the grower said good 
coverage was not obtained with the 
smoke. At this time flower production 
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was up again, and except for the corner 
where good coverage was not obtained, 
the only signs of bud mite injury were on 
old growth. In the remainder of the appli- 
cations the generators were placed for 
hetter coverage, and 6 weeks after this 
series Was completed there were no signs 
of fresh mite injury anywhere in the 
range. 

Complete control of latania scale on 
mango and palm was not obtained with 
one series of applications. This was a very 
heavy infestation with numerous thick 
incrustations on the limbs and twigs. All 
exposed scales were killed but a few live 
ones were found at the bottom of the in- 
crustations. However, considering the de- 
gree of infestation, an excellent kill was 
obtained. In the same greenhouse, no live 
latania scale was found on infested pine- 
apple plants following the treatments. In 
the rose range, apparently complete con- 
trol of both latania and California red 
scale was obtained where two series of ap- 
plications were made. In another section 
of the range which received only one 
series, infestations of both scales were be- 
ginning to build up again after several 
months. 

Cyclamen mite (Tarsonemus pallidus 
Banks) infestations were present in two 
of the ranges where the smokes were used. 
Control was not obtained in either case. 
No data was obtained as to the effective- 
ness of the smokes against false spider 
mites such as the privet mite and the 
phalaenopsis mite. Since other organic 
phosphorus compounds such as parathion 
and TEPP will not control the false spider 
nites, it does not appear likely that tetra- 
ethyl dithiopyrophosphate would be ef- 
fective. However, it appears very promis- 
ing against both mealybugs and scale in- 
sects in general as effective control was 
obtained of 4 species of mealybugs, 3 spe- 
cies of armored scales and 3 species of 
soft scales. 

On the basis of the results obtained the 
following suggestions are made. For spider 
mites (except on greenhouse roses), 
mealybugs and scale insects, a series of 
four applications at 3 to 4 day intervals 
should be made. Soft scale, Coccus hes peri- 
dum, usually is controlled with one series. 
For other scales a second series of ap- 


JEFFERSON & Mack: TETRAETHYL DITHIOPYROPHOSPHATE 123 


plications should be made beginning 2 
to 3 weeks after completion of the first 
series. For very heavy infestations of 
mealybugs a second series may also be 
necessary. It is important that a complete 
series be made and that the applications 
be made on schedule. In addition, cracks 
and broken panes should be sealed, the 
temperature should be between 70° and 
80° F., and the applications should not be 
made under windy conditions. ‘Treat- 
ment of more than 140 species of green- 
house plants without injury indicates 
that tetraethy! dithiopyrophosphate as an 
insecticidal smoke is one of the safest in- 
secticides for general greenhouse use. 
However, for flowers in bloom, it is recom- 
mended that the greenhouse be aired af- 
ter 2.5 to 3 hours. 

While tetraethyl dithiopyrophosphate 
is a highly toxic material, the smoke 
generator provides a quick, safe and con- 
venient method of application, and one 
which holds interference with normal 
greenhouse operations to a minimum. It 
is especially advantageous for small green- 
houses as masks and protective clothing 
are not needed. However, when the green- 
house is aired 2.5 to 3 hours after an ap- 
plication is begun, the use of a gas mask 
or chemical cartridge respirator is recom- 
mended. 

SumMary.—Tetraethy] dithiopyro- 
phosphate as an insecticidal smoke was 
effective against the following species of 
insects and mites: Pseudococcus citri, P. 
adonidum, P. maritimus, Phenacoccus 
gossypii, Aonidiella aurantii, Hemiberlesia 
lataniae, Pinnaspis aspidistrae, Coccus 
hesperidum, Saissetia hemisphaerica, S. 
oleae, Tetranychus bimaculatus, Aceria 
paradianthi, and Hemitarsonemus latus. 
In addition, effective control of aphids 
was obtained but specimens were not se- 
cured for identification. Tetraethyl di- 
thiopyrophosphate smokes were not ef- 
fective against Tarsonemus pallidus and 
resistant forms of Tetranychus bimacula- 
tus. More than 140 species of greenhouse 
plants were treated without injury. In- 
jury occurred to papaya and flowers of 
‘arnations and Cattleya orchids. Injury 
to both carnation and Cattleya flowers 
was avoided by airing the greenhouse 2.5 
to 3 hours after the application was begun. 
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Blauvelt, W. E. 1952. Pest control 1951—outlook for 1952. New York State Flower Growers Bul. 77: 


9-11. 











Effects on the German Cockroach of Twelve Generations of 
Selection for Survival to Treatments with DDT and 
Benzene Hexachloride 


James McD. Grayson,! Virginia Agricultural Experiment Station, Blacksburg 


A report has been made by the writer 
(1951) on the response of the German 
cockroach to seven generations of treat- 
ment with sublethal concentrations of 
DDT and benzene hexachloride. Further 
data on the resistance of the DDT strain 
in the ninth and eleventh generations of 
selection have been published by Cochran 
et al. (1952). 

The writer has been unable to find any 
reference in the literature to any other in- 
secticide-resistant strain of the German 
cockroach. However, he has been in- 
formed? of cases of failure to control this 
roach with chlordane under circumstances 
where satisfactory control was previously 
obtained. A culture of these roaches has 
been obtained and it is planned that tests 
for resistance will be conducted. 

Comparison is made in this paper be- 
tween treated and untreated strains of 
the German cockroach from the stand- 
points of resistance to insecticides, repro- 
ductive preformance, size of empty egg 
‘ases, and weights of adults. 

Meruops AND Marertrats.—The gen- 
eral procedure employed in rearing and 
selecting the roaches has been described 
(Grayson 1951). In the ninth through the 
twelfth generations of selection the forms 
of insecticides used were 75 per cent wet- 
table DDT and the pure gamma isomer of 
benzene hexachloride. ‘The amounts of 
DDT to be used for the various concentra- 
tions were weighed on an analytical bal- 
ance and an electrical blendor was used in 
preparing the water suspensions. The ben- 
zene hexachloride was dissolved in acetone 
prior to the preparation of acetone-water 
suspensions. 

Resistant Srrarins.—Roaches within 
known age limits were obtained by remov- 
ing all adults from the stock cultures at 
approximately 7-day intervals. For treat- 
ment they were placed in small screen 
cages, approximately 30 per cage, and 
dipped in the insecticidal suspensions at 
30° C. The DDT-strain roaches were 
dipped for a period of 20 seconds and al- 
lowed to remain in the treated cages for 


60 minutes before removal to recover) 
jars, whereas the BHC-strain roaches 
were dipped for a period of 10 seconds 
and allowed to remain in the treated cages 
for 15 minutes before removal to recover) 
jars. Mortality counts were made at the 
end of 3 and 6 days following treatment 
with DDT, and at the end of 2 and 4 days 
following treatment with benzene hexa- 
chloride. The criterion of mortality was 
inability to exhibit active locomotion. 
The results are shown in figures 1 and 
2. The regression lines were fitted to the 
points by the method of least squares 








LOG (CONC. x10 — GRAMS PER 


Fic. 1.—Mortality of adults from treated and un- 
treated strains of the German cockroach at the end 
of 6 days following treatment with DDT. Untreated- 
strain males, (A); untreated-strain females, (B); 
DDT-strain males, (C); DDT-strain females, (D). 


(Bliss 1935). Four or five points were used 
to establish each line, and at each concen- 
tration the tests were usually replicated 
from three to five times. The concentra- 
tions of DDT, expressed as grams per 
liter of insecticidal suspension, required 
for 50 per cent kill were: DDT-strain 
males, 0.292; untreated-strain males, 
0.013; DDT-strain females, 8.60; and un- 
treated females, 0.044. Similar values for 
benzene hexachloride were: BHC-strain 
males, 0.0252; untreated-strain males, 
0.0096; BHC-strain females, 0.0356; and 
untreated-strain females, 0.0252. 

1 Acknowledgment is made to M. E. Terry, Statistical Labora- 
tory, Virginia Polytechnic Institute, for assistance in some of the 


statistical analyses, 
2 Personal communication. 
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Kia. 2.—Mortality of adults from treated and un- 

treated strains of the German cockroach at the end 

of 4 days following treatment with benzene hexa- 

chloride. Untreated-strain males, (A); BHC-strain 

females, (B), BHC-strain males, (C); untreated- 
strain females, (D). 


Repropuction.—The procedure for 
obtaining data on reproduction in the dif- 
ferent strains was the same as that previ- 
ously described (Grayson 1951). The re- 
sults are briefly summarized in table 1. 
The accumulated data obtained in the 
sixth through the tenth generations were 
analyzed in two ways: first by an analysis 
of variance with disregard to female 
deaths during the observation periods 
and, secondly, by an analysis of covari- 
ance which eliminated the effects of fe- 
male deaths. By either procedure, the dif- 
ference between number of nymphs per 
female produced within the DDT strain 
and the untreated strain was highly sig- 
nificant. Less nymphs per female were 
produced in the BHC strain than in the 
untreated strain, but this difference was 
not significant. 


Table 1.—Reproductive performance during 
an 114-day period of sixth through tenth genera- 
tion German cockroaches from treated and un- 
treated strains. 





Table 2.—Average’ lengths and widths of 
empty egg cases produced by ninth generation 
females from treated and untreated strains of 
the German cockroach. 











LENGTH WiptH 

STRAIN (mm.) (mm.) 

DDT 7.32? 3.45? 

BHC 7.808 3.623 
Untreated 7.98 3.70 





1 Measurements were made on 100 empty egg cases from 
each strain. i 

* Highly significantly different (P=<.01) from untreated 
strain. 

3 Significantly different (P = <.05) from untreated strain. 


The data obtained for number of 
nymphs per egg case were not analyzed 
statistically but it is expected that they 
would be in accord with the results for 
nymphs per female. 

Empty Eaa Cases.—Measurements 
were made with a vernier caliper of the 
lengths and widths of 100 empty egg 
cases from each strain. 

The results are shown in table 2. Fisher- 
Behrens’ approximation test (Fisher 1941) 
was employed in analyzing the data as 
the variances in the different strains were 
not homogeneous. Both the lengths and 
widths of empty egg cases produced 
within the two treated strains were 
smaller than those produced within the 
untreated strain. These differences were 
highly significant in the case of the DDT 
strain, and significant in the case of the 
BHC strain. 

Wercuts or Aputts.—Adult male and 
female roaches were weighed separately 
in lots of 25 on an analytical balance. Six 
lots each for males and females were 
weighed from each strain. 

The results are shown in table 3. Male 
and female roaches within the DDT strain 
weighed less than the corresponding sex 
within the untreated strain. An analysis 
of the data revealed that these differences 


Table 3.—Average weights! of tenth genera- 
tion adult German cockroaches from treated and 
untreated strains. 





AVERAGE Nympus Propucep 








STRAIN Per Female Per Egg Case 
DDT 67.13 28.0 
BHC 88.7 $1.7 
Untreated 100.8 35.1 





Highly significantly different (P=<.01) from untreated 


strain, 





FEMALES 





MALES 
STRAIN (gm.) (gm.) 
DDT 1.27157 2.3679? 
BHC 1.3588 2.5329 
Untreated 1.3228 2.6574 





1 Average of six replicates of 25 roaches each. 
2 Highly significantly different (P=<.01) from untreated 
strain. 
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were highly significant. The weights of 
male and female roaches from the BHC 
strain were not significantly different 
from those in the untreated strain. 

Discussion.—In all measurements em- 
ployed (i.e. resistance to DDT, nymphs 
produced per female, lengths and widths 
of empty egg cases, and weights of adults) 
the differences between males and females 
in the DDT strain and the corresponding 
sex in the untreated strain were highly 
significant. These data would indicate 
that twelve generations of selection for 
survival to DDT treatments has resulted 
in a strain of the German cockroach which 
is remarkably different from the original 
strain. Barber et al. (1948) found that 
treated strains of houseflies had larger 
puparia, but higher rates of non-emer- 
gence, than flies from an _ untreated 
strain. Pimentel et al. (1951) found the 
larval periods of four DD'T-resistant 
strains of house flies to be longer than 
that of a non-resistant strain. However, 
most biological or morphological com- 
parisons between resistant and non-resis- 
tant strains of the house fly have shown 
no differences to exist (March & Lewallen 
1950; Pimentel et al. 1951). 

The order of resistance at LD 5.) of DDT- 
strain females was reported for the elev- 
enth generation (Cochran et al. 1952) as 
being 333 times that of untreated females, 
whereas it is herein reported as 198 times 
for the twelfth generation. This apparent 
inconsistency in results can perhaps be 
explained by the difference in techniques 
employed. In the twelfth generation the 
periods of immersion in the DDT suspen- 
sions and the time left in treated cages be- 
fore removal to recovery jars were longer 
than similar periods employed for the 
eleventh generation. Apparently the in- 
creased exposure to DDT was a more 
serious challenge to the ability of DDT- 
strain females to survive treatments with 
DDT than it was to untreated strain fe- 
males. 

Selection of roaches in the BHC strain 
was fully as rigorous as in the DDT strain, 
yet the former has become only slightly 
resistant to treatment with benzene hexa- 
chloride and differed only in size of empty 
egg cases from the untreated strain. The 
basis for the differential response to 
DDT and benzene hexachloride has not 
yet been explained but perhaps a clue 
might be found in the speeds of toxic ac- 
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tion of the two materials. Considerab|: 
mortality of roaches treated with benzen 
hexachloride occurred within two or thre: 
hours following treatment, and very low 
additional mortality occurred after two 
days. On the other hand, roaches treated 
with sublethal concentrations of DDT 
died, for the most part, between the sec- 
ond and sixth days following treatment. 
This delayed action seemed to become 
more pronounced as resistance to DDT 
developed. If the fate of benzene hexa- 
chloride in the insect body is at all similar 
to that of DDT perhaps failure of more 
demonstratable differences to develop 
between the BHC strain and the un- 
treated strain can be explained by the 
benzene hexachloride killing so rapidly 
that detoxification was largely prevented 
and thus the normal selective processes 
for resistance rendered inoperative. 

SumMAryY.—-Laboratory strains of the 
German cockroach have been reared 
through twelve generations of selection 
for survival to treatments with DDT and 
benzene hexachloride. The criterion of 
selection in most cases was survival to 
treatments which gave greater than 75 
per cent kill. 

In the twelfth generation, 22 and 198 
times as much DDT was required to kill 
50 per cent of the DDT-strain males and 
females as untreated-strain males and 
females, respectively. From 1.4 to 2.6 
times as much benzene hexachloride was 
required to obtain 50 per cent kill of male 
and female roaches in the BHC strain 
as those in the untreated strain. 

A pooling of the data obtained in the 
sixth through the ninth generations 
showed that fewer nymphs per female were 
produced within the treated strains than 
within the untreated strain. The differ- 
ence was highly significant (P= <.01) in 
the case of the DDT strain, but it was not 
significant (P= >.05) in the case of the 
BHC strain. 

The empty egg cases produced in the 
ninth generation by the treated strains 
were smaller in both length and width 
than those produced by the untreated 
strain. The differences were highly sig- 
nificant in the case of the DDT strain, 
and they were significant in the case of 
the BHC strain. 

In the tenth generation the weights of 
adult male and female roaches in the 
DDT strain were less than those of male 
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an. female roaches in the untreated 
strain. The differences were highly sig- 
A similar compsrison between 


nificant. 


the BHC and untreated strains revealed 
no significant differences in weights of 
adult roaches. 
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Effect of Temperature and the Activity of House Flies 


on Their Absorption of DDT 


A. R. Roru and Artuur W. Lrypquist, U.S.D.A., 
C. TerriERE, Oregon State College 


Quarantine and L. 


It has been known for several years 
that temperature has a marked influence 
on the insecticidal action of DDT. Lind- 
quist ef al. (1945) found a higher mortality 
when house flies (Musca domestica L.) were 
exposed to a DDT residue at 70° F. than 
at 95°. Hoffman et al. (1949) found that 
TDE and methoxychlor acted in a similar 
manner, and that toxaphene, heptachlor, 
chlordane, dieldrin, and parathion pro- 
duced a reverse effect—1.e., a higher mor- 
tality of flies at higher temperatures. Ac- 
cording to Yates (1950), DDT was con- 
sistently more effective on several species 
of mosquito larvae at 63° or 68° F. than 
at 93°, and dieldrin and aldrin were more 
toxic to Aédes at 93° than at 68°. Fullmer 
& Hoskins (1951) showed no difference in 
respiration of DDT-treated non-resistant 
and resistant flies at 35° C. but at 25° the 
non-resistant ones showed a greater respir- 
ation rate. 

In a continuation of this research the 
authors conducted experiments to deter- 
mine the amount of DDT actually ab- 
sorbed by the flies at different tempera- 
tures, using radioactive DDT and resist- 
ant house flies. The effect of the flies’ 
activity on DDT absorption was also 
studied, 

Merruops.—Orlando resistant female 
house flies, the progeny of several genera- 
tions that had been exposed to DDT, were 


%1,2 


Agr. Res. Adm., Bureau of Entomology and Plant 


treated individually on the thorax with 
8 ygm. (micrograms) of radioactive DDT 
in an acetone solution. This treatment, 
which required only a few moments, was 
made at 75° F. The insects were then 
divided into two lots and placed in two 
chambers where constant temperatures 
of 70° and 90° F. were maintained. At the 
end of 20 hours mortality was recorded 
and the dead flies were rinsed in acetone 
to remove DDT from the exterior. The 
flies were then macerated individually or 
in pairs and steeped in acetone to extract 
the DDT or metabolites that had been 
absorbed. Radioactivity of the extracts 
and rinses was determined by a gas-flow 
counter attached to a scaler. From 5 to 
12 flies from each treatment were used 
in radioassay. 

At the time each lot of flies was treated, 
a measured amount of the insecticide solu- 
tion was applied to counting plates. The 
average of several measurements showed 
that 1 ugm. of DDT produced 172+12 
cpm. The amount of DDT or metabolites 
recovered from the exterior or interior 
of the treated flies was computed from 
this figure. All data are reported as DDT, 

1 Published as Technical Paper No. 740 with the approval of 
the director of the Oregon Agricultural Experiment Station and 
the Chief of the Bureau of Entomology and Plant Quarantine, 
U.S. Department of Agriculture. 

2 Radioactive DDT furnished through courtesy of S. B. 


Hendricks, Bureau of Plant Industry, Soils and Agric ultural 
Engineering, U. 5. Department of Agric ulture. 
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although it is realized that some of the 
observed radioactivity was present in 
DDT degradation products. 

Amount oF DDT or METABOLITES 
ABSORBED IN RELATION TO Fty Mortat- 
iry.—The data in table 1 show a much 
higher mortality of the flies held at the 
lower temperature. The average mortality 
in all tests at 70° F. was 74 per cent, but 
only 41 per cent succumbed at 90°. 
Radioactivity measurements showed that 
the amount of DDT absorbed was just 
the reverse—i.e., greater at the higher 
temperature. The average amount ab- 
sorbed per fly at 70° was 0.56 yugm.; at 
90° 0.92 ugm., or 64 per cent more, was 
absorbed. 


Table 1.—Amount of radioactive DDT or 
metabolites absorbed per house fly at two tem- 
peratures in relation to mortality. Eight ugm of 
DDT applied per fly. 








70° F. 90° F. 
Micro- Micro- 
grams of grams of 
DDT or DDT or 
Per Cent Metab- Per Cent Metab- 





Mortality olites Mortality __ olites 
61 0.31 31 0.93 

36 .61 13 .87 

100 55 60 .73 

80 59 66 ay f 

80 . 64 25 1.00 

76 51 43 1.12 

88 .70 46 1.07 

Average 74 .56 41 .92 





Rate or Assorption.—To determine 
the rate of absorption, flies held at the 
two temperatures were radioassayed at 
hourly intervals after treatment. The flies 
used in these tests were from the Orlando 
No. 1 colony, which had not been exposed 
to DDT for over a year and therefore 
had low resistance. Each fly was treated 
with 1 ugm. of DDT. 

Table 2 shows about 0.054 and 0.095 
ugm. of DDT absorbed per fly at 70° and 
90° F., respectively, one hour after treat- 
ment in the first series of tests. There was 
a gradual increase each hour up to five 
and six hours. In the second series no 
radioassays were made after five hours 
until the next day, or 18 hours after 
treatment. At this time there was an 
increase in the amount absorbed at both 
temperatures. 
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The amount of DDT recovered froi: 
the surface of each fly gradually decrease: 
at both temperatures. The total amount 
recovered from tke external wash plus 
the fly extracts was less than the amount 
applied. The loss, which was greater at 
the high temperature, cannot be ac- 
counted for at the present time. 

There was no knock-down at the end 
of one hour at 90° F., but about 50 per 
cent of the flies were knocked down at 
70°. At the end of five hours there was a 
95 per cent knock-down at 70° and ap- 
proximately 65 per cent at 90°. The flies 
that were down at any reading, except 
that at 18 hours, were not necessarily 
dead—there was some spasmodic move- 
ment of legs and wings—but were con- 
sidered down for the purpose of knock- 
down counts. 


Table 2.—Rate of absorption of DDT by house 
flies held at different temperatures after treat- 
ment with 1 y»gm. per fly. 





























MicroGrams or Raproactive DDT 





Hours 
AFTER Absorbed 
TrEAT- ——— se 
MENT At70°F. At90°F. At70°F. At90° F. 


In External Rinse 











Series 1, average of 2 tests 


0.054 0.095 0.932 0.805 

2 .079 .139 .859 707 
3 .110 175 . 762 . 730 
+ me Py .199 . 764 .598 
5 115 . 205 . 784 . 568 
6 .110 . 227 .765 .598 

Series 2, average of 3 tests 

0.061 0.082 0.888 0.794 

2 .077 okbe .751 . 682 
3 .093 .155 . 782 .645 
+ .098 .179 . 7124 . 604 
5 .114 .178 . 720 .5138 
18 . 187 .326 501 .235 





DDT AssorpTion IN RELATION TO 
Fry Activiry.—The physical and physi- 
ological activity of insects generally in- 
creases with the air temperature. In order 
to determine whether the increased 
physical activity at 90° F. was responsible 
for increased absorption of DDT, a series 
of tests were made in which flies were im- 
mobilized with carbon dioxide. Each fly 
in four groups of 20 female Orlando house 
flies was treated topically with 1 ygm. of 
radioactive DDT. Two of the groups were 
held in an incubator at 70° and two at 
90°. In each incubator one group was held 
immobile under carbon dioxide anesthesia 
while the other group was allowed normal 
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Table 3.—Effect of temperature and fly activ- 
ity cn the amount of DDT absorbed one hour 
after topical treatment with 1 .gm. per fly. 
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Table 4.—Radioactive material in excrement 
of flies at different times after treatment with 
10 ugm. of radioactive DDT each. 








MicrocraMs OF Raptoactive RINsE 


In ExterNnat Rinse 


ABSORBED 


Fry Activity At70°F. At90°F. At70°F. At 90°F. 


Immobilized with 0.053 0.083 0.867 0.785 


arbon dioxide 


Not immobilized 055 .093 .814 . 805 





activity. At the end of an hour all the 
flies were taken from the incubators and 
immediately prepared for radioassay. 

The results, given in table 3, show that 
absorption was more rapid at the higher 
temperature, but no significant differ- 
ences in absorption could be demonstrated 
between active and inactive flies. 

DDT or MerTaABOLitEs IN ExCREMENT 
or TREATED FLres.—Sternburg et al. 
(1950) reported on the composition of the 
excrement of DDT-treated flies. They 
found by chemical assay that DDT and 
its metabolites, DDA_ (2,2-bis(p-chloro- 
phenyl) acetic acid) and DDE (2,2-bis 
(p-chlorophenyl)-1, 1 -dichloroethylene), 
were present in the excrement. Their 
assays were based on the material washed 
from jars in which the treated flies had 
been held, and some DDT could possibly 
have rubbed off the flies and been con- 
tained in the sample. 

In order to separate excrement from 
rubbed-off material, flies were fastened 
on glass slides and aluminum counting 
pans so that there was no possibility of a 
mechanical loss of the applied DDT. Best 
results were obtained by gluing flies over 
holes 3 mm. in diameter in aluminum 
counting pans and placing another count- 
ing pan directly below to catch the excre- 
ment. From 10 to 15 flies were placed on 
a pan, and a radioassay of the excrement 
was made after 24 or more hours. The 
flies were given food and water daily. 

The first tests were made with flies 
of low resistance that had been treated 
with 1 ygm. of DDT. The radioactivity 
of the excrement collected per fly over 
the first 24-hour period showed that it 
contained from 0.004 to 0.010 yugm. of 
DDT or metabolites. 

Further tests with more resistant flies 
treated with 10 uwgm. of DDT showed 
comparatively low counts. From 0.007 
to 0.028 ygm. of radioactive material 
per fly per day was obtained in the excre- 
ment (Table 4). A total of 0.08 ugm. was 


MIcROGRAMS OF 
RADIOACTIVE 
MATERIAL PER 

Fiy per Day 


NUMBER OF 
FLIEs 


Days AFTER 
TREATMENT 





1 15 0.018 
2 12 .028 
3 10 .007 
4 and 5 9 .016 
6 and 7 6 O11 





obtained over 7 days. This is less than 1 
per cent of the total applied. The 0.08 
ugm. is approximately 15 per cent of the 
total absorbed as determined by other 
similarly treated flies. 

MetaBouisM OF DDT as MerasurepD 
BY CARBON D1ox1pE EvoLution.—Sever- 
al tests were made to determine whether 
the carbon dioxide excreted by DDT- 
treated flies was radioactive. Orlando 
resistant flies were treated with 10 ygm. 
of radioactive DDT and placed in an 
Erlenmyer flask containing carbon diox- 
ide-free air. An absorption chamber con- 
taining sodium hydroxide was attached 
to the flask, and a small volume of air 
was drawn through the apparatus with 
an aspirator. The precipitate formed in 
the sodium hydroxide chamber, after 
addition of barium chloride, was dried 
and the radioactivity determined on a 
gas-flow counter. In tests with three lots 
of flies in which carbon dioxide was col- 
lected for 1 to 3 days, no radioactivity 
could be demonstrated. The results ob- 
tained indicate that DDT is not appreci- 
ably metabolized to carbon dioxide by 
the treated flies. 

Discussion.—The effects of tempera- 
ture on insecticidal action observed by 
the writers and others cannot be fully 
explained. The greater survival of DDT- 
treated flies at high temperatures is prob- 
ably due to increased metabolism and 
consequently more rapid degradation of 
the DDT. However, a greater amount of 
toxicant penetrates the cuticle at high 
temperatures, probably because of the 
increased chemical reactivity or solu- 
bility. This concept would be consistent 
with the fact that less DDT penetrates 
the cuticle at low temperature. However, 
the small amount of DDT actually pene- 
trating the cuticle at low temperatures 
is very effective, probably owing to the 
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decreased metabolism. Flies given sub- 
lethal dosages quickly fall down if moved 
from 90° to 70° F. air temperature. Con- 
versely, prostrate flies revive if moved 
from 70° to 90°. The speed with which 
revival or knock-down occurs suggests a 
direct correlation of metabolism with 
degradation of the toxicant, but it is 
difficult to see how increased or decreased 
penetration of DDT fits in the picture. 

Apparently nothing is known about the 
absorption of toxicants, such as toxa- 
phene, that produce a reverse effect —ce., 
increased kill at high temperatures. Stud- 
ies on the amount and rate of absorption 
of toxaphene and other insecticides are 
urgently needed. 

SumMaAry.—Resistant house flies, Mus- 
ca domestica L., treated individually with 
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Gaines ef al. (1950) have reported on 
the effectiveness of EPN (O-ethyl O-p- 
nitrophenyl benzene thionophosphonate) 
against the cotton aphid, Aphis gossypii 
Glov. Additional tests were conducted 
with this compound at College Station, 
Tex., during 1950 and early in 1951 
against the boll weevil, Anthonomus 
grandis Boh., the bollworm, Heliothis 
armigera (Hbn.), the cotton leafworm, 
Alabama argillacea (Hbn.), the salt- 
marsh caterpillar, Hstigmene acrea (Dru- 
ry), and two species of spider mites, 
Septanychus terazona McG. and Tetrany- 
chus bimaculatus Harvey (the two-spotted 
spider mite), 

MATERIALS AND Metuops.—Tests of 
EPN, parathion, calcium arsenate, and 
toxaphene were conducted against the 
boll weevil, the bollworm, and the cotton 
leafworm in field cages, dust mixtures 
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being applied at the rate of 10 pounds per 
acre to field-grown cotton plants in the 
fruiting stage. A modification of the tech- 
niques proposed by Moreland e¢ al. (1941) 
and Ivy (1944) was used. Replicates con- 
sisting of three cages each for the five con- 
centrations tested, with the approximate 
total number of individuals used for each 
concentration, were as follows: Boll weevil 
(4 replicates), 200; cotton leafworm (3 
replicates), 80; bollworm (3. replicates), 
30. Comparable untreated check cages 
were included in each replicate and the 
per cent of net kill calculated by Abbott's 
formula. The results were evaluated after 


1 Report of a study in which Bureau participation was made 
under the Research and Marketing Act of 1946. Presented at 
the meeting of the Southwestern Branch of the American Associ- 
ation of Economic Entomologists, Dallas, Tex., March 1 and 2, 
1951. 

2 U.S.D.A., Agr. Res. Adm., Bureau of Entomology and Plant 
Quarantine. 
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‘he insects had been exposed to treated 
»lants for 5 days. 

Tests of EPN and parathion against 
ihe cotton aphid and spider mites were 
conducted in the laboratory, spray mix- 
tures being applied to seedling cotton 
plants growing in nutrient solution. The 
mixtures used against the cotton aphid 
were prepared from a wettable powder and 
were applied at the approximate rate of 
22 gallons per acre, whereas those used 
against spider mites were prepared from 
an emulsion concentrate and were applied 
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species of spider mite. Tests against the 
two spider mites were carried out simul- 
taneously, in an attempt to get a critical 
comparative estimate of this compound 
against both species. 

Tests against the salt-marsh caterpillar 
were conducted in the greenhouse on 
plotted cotton plants, in a manner similar 
to the field-cage tests for other insects. 
The tests were replicated four times, 
approximately 80 larvae being used for 
each of the four concentrations tested. 
Resuutts.—The results of the various 




































| at the approximate rate of 8 gallons per tests are summarized in table 1. Dosage- 
acre. The method and apparatus described mortality lines were determined from the 
hy Gaines & Dean (1949) were used in’ data in the usual manner. From these 
| making these applications. Three repli- values the slope of the line and the LD-50 
. cates, with a total of approximately 650 and LD-90 were determined, as shown in 
individuals, were conducted with eachof — table 2. 
five concentrations of EPN against the From table 1 it will be seen that EPN 
cotton aphid, and four replicates, involv- at 0.2 pound per acre was approximately 
ing a total of approximately 700 individ- equal in effectiveness to 10 pounds of 
uals, were conducted with each of four calcium arsenate against the boll weevil, 
; concentrations of EPN against both and a dosage of 0.3 pound of EPN per 
Table 1.—Per cent mortality of several cotton pests after treatment with EPN or other insecticide. 
' Mortality was determined 5 days after treatment. 
v —— > ee iil i Ia ai cine * — Se swe het ee Te: 2 i 9a Ter ye! 
LABORATORY TESTS—INFESTED GREENHOUSE 
) SEEDLING PLANTS SPRAYED CaGce Tests— 
Fietp CaGce Tests— WITH EMULSION OR Insects PLACED 
INsEcTs PLACED ON WertTaBLE-PowDER on Dustep 
‘TREATMENT Dustep FoLiaGe SUSPENSION PottrepD PLANTS 
if Pounds of ae a iceman teenie eee enn tnenee tenet TD 
Active Cotton Two- Salt-marsh 
Ingredient Boll Boll- Leaf- Cotton spotted S, texa- Cater- 
per Acre) Weevil worm worm Aphid Mite zona pillar 
EPN: 
. f - . 93 a = sa 
r 2 = ¥ 92 - —_ . 
e 1 — 78 
\- 8 95 96 ~ ms ™ 
| 5 oo. - 69 ~ 
4 90 51 — — 91 S87 100 
: a | 81 65 -- - --- a —- 
\- 2 63 56 " jn 64 79 91 
e 25 ne se - 53 ~_ — 
h a - 
. Oo 
i 125 
3 
a Parathion: 
a 3 58 87 — wi ini dois . 
a d _ “= 84 92 — — 
, 08 ‘ ~a _ 84 87 — 
S 05 _ _ 70 oo uae 
or 04 ~_ 







Calcium arsenate: 
10 


Toxaphene: 
2 32 


1 


100 — 





— — — 93 











132 JOURNAL OF Economic ENTOMOLOGY 





Table 2.—Slope of dosage-mortality line and 
amount of technical EPN per acre required to kill 
50 and 90 per cent, respectively, of insects and 
spider mites. 
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Table 4.—Comparative effectiveness of 3 per 
cent EPN, 20 per cent toxaphene, and calciim 
arsenate against field-collected and laboratory- 
reared boll weevils. 








SLOPE OF 


Insect of MITE LINE LD-50 LD-90 
Pounds Pounds 
Boll weevil 2.195 0.14 0.47 
Bollworm 1.45 .20 .89 
Cotton leafworm 2.076 .025 .30 
Salt-marsh caterpillar 2.596 054 16 
Cotton aphid 1.21 211 2.243 
Two-spotted mite 3.386 154 . 368 
Septanychus terazona 2.94 119 . 324 









acre was somewhat more effective. EPN 
was also more effective than parathion 
against the boll weevil, when each was 
tested at a dosage of 0.3 pound per acre. 
Parathion, on the other hand, was more 
effective than EPN against the boll- 
worm, cotton leafworm, cotton aphid, 
and the two species of spider mites. 

The results against the boll weevil 
were considered especially encouraging, 
but because of the lateness of the season 
no additional field cage tests could be 
made. However, two series of cage tests 
were conducted in the greenhouse with 
field-collected and laboratory-reared boll 
weevils on potted cotton plants that were 
fruiting freely. 

The first of the greenhouse tests was a 
comparative evaluation of 3 per cent 
EPN, 20 per cent toxaphene, and calcium 
arsenate when boll weevils were released 
onto treated plants immediately after the 
dusts were applied and also when release 
was delayed 1, 3, and 5 days. Three 
replicates of three potted plants each were 
used with a total of approximately 90 
boll weevils for each treatment. The 
results of this test are summarized in 
table 3. 

The data in table 3 indicate a high 
degree of insecticidal efficacy of EPN 
against the boll weevil, as compared with 
toxaphene and calcium arsenate. Rain- 
water & Gaines (1951) have shown that 


Table 3.—Comparative effectiveness of 3 per 
cent EPN, 20 per cent toxaphene, and calcium 
arsenate against boll weevils released on caged 
plants at intervals after treatment. 








AverRaAGE Per Cent Net Kitu 
WueEn Retease Was— 


After After After 


TREATMENT Immediate 1 Day 3 Days _ 5 Days 
EPN 8% 88 85 52 38 
Toxaphene 20% 52 28 32 i4 
Calcium arsenate 33 45 16 26 








AVERAGE Per Cent Ne’ 
KIL or WEEVILS 





Laboratory 
TREATMENT Field-collected reared 
EPN 3% 89 100 
Toxaphene 20% 59 98 
Calcium arsenate 41 97 











‘alctum arsenate and several chlorinated 
hydrocarbon insecticides, including toxa- 
phene, are somewhat less effective against 
the boll weevil late in the season than 
sarlier. Therefore, the question remained 
whether EPN would compare as favorably 
with toxaphene and calcium arsenate 
against boll weevils when used earlier in 
the season. To compare the three insecti- 
cides against boll weevils that might be 
about as susceptible to insecticidal action 
as weevils normally present in cotton 
fields in June, July, and August, another 
greenhouse test was conducted, with 
weevils that had been reared from 
cotton bolls and allowed to feed for ap- 
proximately 5 days. Field-collected boll 
weevils that presumably had fed for vary- 
ing lengths of time in the field were in- 
cluded for comparison. This test was con- 
ducted in the same manner as the pre- 
vious one, except. that all the weevils 
were released onto treated plants im- 
mediately and there were four complete 
replicates instead of three. Approximately 
120 field-collected and laboratory-reared 
boll weevils were used for each insecti- 
cide tested. The results of this test are 
summarized in table 4. 

The data in table 4 on field-collected 
weevils agree closely with those in Table 
3 when the boll weevils were released onto 
treated plants immediately after treat- 
ment, and they further indicate high 
toxicity of EPN against these weevils. 
Comparison of EPN with the other in- 
secticides against laboratory-reared wee- 
vils does not show the wide differences in 
effectiveness shown against field-collected 
weevils, since each insecticide was higlily 
effective and 3 per cent of EPN caused 
100 per cent kill. 

SUMMARY AND ConcLusions.—Com- 
parative toxicity tests conducted in field 
‘ages, in the greenhouse, and in the labo- 
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ry indicated that EPN is effective at 
tively low dosages against the boll 
weevil, Anthonomus grandis Boh., the 
colton leafworm, Alabama _ argillacea 
(Iibn.), the salt-marsh caterpillar, Estig- 
mene acrea (Drury), and two species of 
spider mites, Septanychus texazona McG. 
and Tetranychus bimaculatus Harvey, on 
colton. EPN does not appear to be out- 
standingly effective against the bollworm, 
Heliothis armigera (Hbn.), or the cotton 
aphid, Aphis gossypii Glov. With the 
exception of the boll weevil, however, 
parathion was more effective than EPN 
against each of the other insects on which 
comparable tests were conducted. Para- 
thion was not included in the tests re- 
ported against the salt-marsh caterpillar. 
The fact that EPN exhibited compara- 
tively high toxic action against the boll 
weevil in field and greenhouse tests 
makes it a promising insecticide for use 
against cotton insects, and large-scale 
field experiments with it appear to be 
justified. The dosage indicated for boll 
weevil control comparable to that ob- 
tained with 2 pounds of technical toxa- 
phene or 10 pounds of calcium arsenate 
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is 0.3 pound of technical EPN per acre. 
This dosage probably would also be very 
effective against the cotton leafworm. 

The data indicate that, when used for 
boll weevil control at 0.3 pound per acre, 
EPN would give very good control of 
spider mites on cotton. Although this 
dosage is not highly effective against the 
cotton aphid, the data show that mortal- 
ity in excess of 50 per cent might be ex- 
pected. This degree of control might be 
expected to hold the cotton aphid in 
check, since that aphid is seldom a prob- 
lem unless insecticides relatively ineffec- 
tive against it are used for the control of 
other insects. 

A serious drawback to the indicated 
use of EPN for cotton insect control is 
its failure to control the bollworm at 
the dosage indicated for effective boll 
weevil control. Before EPN could com- 
pete with the insecticides recommended 
for over-all control of cotton insects, it 
would almost certainly be necessary to 
add DDT to the dusts or sprays in such 
proportion that a minimum of 0.5 pound 
per acre of technical DDT would be ap- 
plied. 
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Tests of Insecticides for Control of Cotton Insects 


M. T. Youne and R. C. Gaines, U.S.D.A., Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine’ 


Calcium arsenate, various organic in- 
secticides, and mixtures of these materials 
were tested at Tallulah, Louisiana, in 
1951 for control of the boll weevil, 
Anthonomus grandis Boh., the bollworm, 
Heliothis armigera (Hbn.), other lepidop- 
terous larvae, the cotton aphid, Aphis 
gossyput Gloy., and the two-spotted spider 
mite, Tetranychus bimaculatus Harvey. 

MrtrHops.—Six experiments were con- 
ducted in plots arranged in randomized 
blocks, with four replications of each 
treatment. Each plot was 12 rows wide 


and of sufficient length to contain about 
0.1 acre. All insect and mite infestation 
and yield records were made on the four 
middle rows. 

Boll weevil-infested squares were re- 
corded on 100 squares, and bollworms 
were counted on 100 squares or bolls in 
each plot. Counts of aphids and spider 
mites were made on 100 leaves in each 
plot, on 1 square inch of each leaf near the 

1 The authors were assisted in the field by G. L. Garrison, 


Harold Fisher, Ferdinand Rosenzweig, Eugene P. Thomas, and 
Charles M. Swanson. 
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Table 1.—Results of experiment 1. 
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| APpHips Mites 


Per Cent or Bott | PER PER 
Weevit-PuncTurED SQUARE SQUARE 
SQUARES Incu, INcu, Per Centr 


Averace | AveraGe | or BoLt- 


Initial | Average of or8 | oF8 WORM- 
PouNnps oF Infesta- | 7 Counts | Counts Counts INJURED 
INSECTICIDE tion (July 3 to) (July 9to | (Aug. 1 Bo.uis 
TREATMENT PER ACRE (June 25) Aug. 1) Aug. 14) to 14) (Aug. 22) 
Check - 26 52 0.07 4.15 13 
Dust. Toxaphene 20% 2.4 30 13 .03 2.70 4 
Sprays (pounds per gallon): 
Toxaphene 6 2.4 36 31 .03 2.47 7 
Aldrin 2 .33 24 18 06 5.76 10 
Aldrin 1 plus DDT 2 0. 31-0. 62 22 17 13 3.90 
Dieldrin 1.5 .22 30 16 03 4.00 6 
Dieldrin 0.75 plus DDT 2.5 -19- .65 31 12 .06 7.55 3 
Minimum significant differ- 
ence at 5% leve == 8 C1] - 


Pounps, SEED 
Corron PER ACRE 


Total 


1793 


2310 . 


2042 
2220 
2204 
2171 
1913 


278 


Gain 
Over 
Check 


517 


120 





Table 2.—Results of experiments 2 and 3. 








Experiment 2 








72 0.02 


Check 44 2.59 
Calcium arsenate alternated with BHC 10 37 39 02 0.36 
gamma 3 plus DDT 5 plus sulfur 40 
DDT 5 plus— 
Dieldrin 3 plus sulfur 40 11 52 15 01 .09 
Dieldrin 1.5 plus sulfur 40 12 48 20 01 .09 
Dieldrin 0.75 plus sulfur 40 10 41 29 .02 04 
Dieldrin 1.5 A Aramite 4 9 45 25 .02 1.87 
Dieldrin 1.5 plus parathion 0.5 10 45 59 01 93 
Dieldrin 1.5 9 49 23 01 2.97 
Compound 269 9 49 56 01 2.27 
Minimum significant difference at 5% - 9 1.62 
eve 
Experiment 3 
Check 45 68 0.01 1.49 l 
Calcium arsenate alternated with BHC 11 42 23 01 0.04 
gamma 3 plus DDT 5 plus sulfur 40 
DDT 5 plus 
Aldrin 5 plus sulfur 40 Il 46 14 01 03 
Aldrin 2.5 plus sulfur 40 12 47 14 02 .03 
Aldrin 1.25 plus sulfur 40 12 $3 22 01 06 
Aldrin 2.5 a Aramite 4 10 47 21 93 .14 
Aldrin 2.5 plus parathion 0.5 9 48 30 02 1.92 
Aldrin 2.5 10 44 27 01 2.81 
Aldrin 2.5 plus K-6451! 11 52 22 .02 HE 
Heptachlor 2.5 plus sulfur 40 12 37 11 01 04 
Minimum significant difference at 5% _- 10 1.26 
eve. 
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Pounps SQUARES INcH Incu Bo.L- 
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INsEc- Initial Average of oF 4 or 3 INJURED 
CIDE Infesta- 5 Counts Counts Counts BoLis 
TREATMENT PER tion (July 17 | (July 17 to (Aug. 9 ON 
(Figures in Per Cent) AcRE (July 9) Aug. 8) Aug. 9) to 23) Ava. 
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NDS OF 


Seep Corton 


PER ACRE 


22 Total 


Gain 
Over 
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2,190 
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460 
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320 
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350 
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i K-6451 included only on August 14. 











center on the under-side of the fourth leaf 
from the top of the plant. 

In experiments 1 and 6 various sprays, 
applied when the plants were dry with a 
three-row (three nozzles per row) sprayer, 
were compared with dusts and no treat- 
ments. In experiments 2 to 5 all insecti- 
cides were applied as dusts with single- 
nozzle rotary hand dusters early in the 
morning. 

In experiments 1, 2, and 3 the cotton 
was planted between April 10 and 15 and 








came up to a good stand within a week or 


10 days. The boll weevil was the most 


important insect involved, but there was 
considerable climatic control of this pest. 
Spider mites were sufficiently numerous in 
some of the plots to cause defoliation late 
in the season. The bollworm was of little 
importance because the cotton matured 
before that pest increased to great num- 


bers and the younger cotton was probably 
more attractive to moths. Cotton aphid 


infestations were very low. 






























































Ri-dedpesaihoohde eee 





i ebruary 1953 


Youne & Gaines: INSECTICIDES FOR Cotton Insect ConTROL 





135 


Table 3.—Results of experiments 4 and 5. 








Per Cent or Boiu 





APHIDS PER 


WeeviL-PuNcTURED SQUARE PouNps SEED 
Pounbs SQUARES Incu Per Cent or Per Corton 
OF AVERAGE BoLLworm- CENT, PER ACRE 
INSEc- Initial Average of or 2 INJURED Bo.L- - 
tTictipE | Infesta- 3 Counts Counts SQUARES, WORM- Gain 
TREATMENT PER tion (Aug. 14 (Aug. 16 AVERAGE OF | INJURED Over 
(Figures in Per Cent) AcrE (Aug. 6) to 27) and 23) 2 Counts! Botts? Total | Check 
Experiment 4 
Check 28 32 0.02 34 | $l 630 
Lime-free calcium arsenate plus | | 
DDT, 2.5, parathion 1 14 33 19 .O1 } 17 | 7 1,840 | 1,210 
DDT 5, parathion 1 8 36 17 0 15 | 15 | 1,710 | 1,080 
DDT 5, parathion 0.5 9 21 15 0 13 | | 1,640 | 1,010 
BHC gamma 83 plus DDT 5 plus 
Alone 10 } 21 16 | .O1 14 8 | 2,080 | 1,450 
Oil as sticker ll 28 16 0 12 3 2,250 | 1,620 
Sulfur 40 iH | 30 21 0 16 5 1,890 | 1,260 
Aramite 4 122 | 92 19 0 14 2 2,250 | 1,620 
BHC gamma 6 plus DDT 10 7 | 22 14 .O1 10 2 2,370 | 1,740 
Minimum significant difference at 5% - | ~- a a ll 7 406 
leve 
Experiment 5 
Check —_ 28 32 0.16 33 43 254 
Toxaphene 20 plus 
Alone 12 29 22 .03 16 6 1,450 | 1,196 
Sulfur 40 12 19 12 05 14 6 1,530 1,276 
Aramite 2 12 25 22 .02 19 7 1,380 1,126 
Aramite 4 12 23 19 18 20 7 1,290 | 1,036 
Parathion 0.5 12 27 20 07 13 8 1,390 1,136 
loxaphene 10 plus parathion 2 11 19 22 .02 18 18 670 416 
EPN 3 13 24 21 18 20 35 380 126 
Minimum significant difference at 5% - — _ - 8 | 14 345 


eve 





| First count on August 15; second court on August 21 in experiment 4 and August 22 in experiment 5. 
* On September 20 in experiment 4 and September 27 in experiment 5, 


In experiments 4, 5, and 6 the cotton 
was planted early in May, but because of 
drought did not come up until about June 
15. In these experiments the bollworm 
was the principal pest, and it caused se- 
vere damage. The boll weevil was not im- 
portant because extremely hot, dry 
weather in August prevented its multipli- 
cation. Cotton aphid and spider mite in- 
festations were very low. 

Resutts.—Experiment 1 (Table 1). 
Insecticides were applied on June 27, July 
6, 10, 16, 20, 25, 30, and August 3 and 8. 
On July 2 rain prevented further applica- 


tions after the plots had been dusted with 
toxaphene and three of the four plots had 
been sprayed with toxaphene. The toxa- 
phene dust and the aldrin and dieldrin 
sprays gave satisfactory control of the boll 
weevil. The toxaphene spray was less 
satisfactory, particularly during the latter 
part of the season. The spider mite popu- 
lation was lowest in the plots treated with 
toxaphene spray or dust and highest in the 
plots sprayed with dieldrin-DDT. The 
aldrin and dieldrin sprays gave better 
bollworm control when they also con- 
tained DDT. The yield for toxaphene 
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Table 4.—Results of Experiment 6. 





Per Cent Boiu 


Per 


Per Cent, 
Weevit-PuncturRED | APHIDS PER | BoLLWorRM- CENT, Pounpbs 
SQUARES SQUARE INJURED Bo.L- Seep Corron 
Incu SQUARES WORM- PER ACRE 
Pounpbs, Initial Average, AVERAGE, AveRAGE, INJURED 
INSECTI- Infesta- | 3 Counts 2 Counts 2 Counts BoLLs Gain 
CIDE PER tion (Aug. 14 (Aug. 16 (Aug. 15 Sept. Over 
TREATMENT ACRE (Aug. 6) to 28) and 23) and 21) 18 Total Check 
Chee _ 9 30 0.02 46 8+ 310 
Dust. BHC gamma 3%, DDT 5%, | -0.34-0.57 7 9 Ol 10 5 2,090 1,780 
and sulfur 40% 
Sprays (pounds per gallon): 
BHC gamma 0.6 plus DDT 1 .33- .55 12 13 01 18 7 2,020 1,710 
Heptachlor 1 plus DDT 2 .36— .72 ll 8 0 12 1 2,070 1,760 
loxaphene 6 plus parathion 0.4 2.6 -— .2 14 ll 01 19 23 1,120 810 
loxaphene 4 plus parathion 1 2.9- .7 13 9 0 23 8 1,640 1,330 
»~'N 4.6 .42 10 9 .O1 26 32 1,000 690 
Minimum significant difference at s 9 ll 703 


mC 


5% level 
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dust was greater than for toxaphene 
spray, but the difference was not signifi- 
cant. Toxaphene dust and aldrin and 
aldrin-DDT sprays gave significant in- 
creases in yields over dieldrin-DDT spray, 
probably owing to a much greater build- 
up of mites in the dieldrin-DDT plots. 
Experiments 2 and 3 (Table 2).—Insec- 
ticides were applied as dusts on July 11, 
16 (washed off), 18, 23 (washed off), 25 
(washed off), 27, 31, and August 6, 10, 15, 
and 21. In experiment 2 aphid infestations 
were very low throughout the season. 
Spider mites were of little importance 
until late in the season. The mixtures con- 
taining sulfur gave better spider mite 
control than did the mixture containing 
Aramite. The bollworm infestations were 
light, but heaviest in the untreated plots 
and those treated with compound 269. 
The yield was not so good in plots treated 
with dieldrin as in those where calcium 
arsenate was alternated with 3-5-40. 
There were no significant differences be- 
tween the vields of plots dusted with mix- 
tures containing 0.75, 1.5, and 3 per cent 
of dieldrin. The original dieldrin-DDT- 
parathion mixture failed to give boll 
weevil control, and the dieldrin-DDT dust 
‘aused severe injury to leaves. Both these 
mixtures were replaced by the manu- 
facturer on July 31, and no further burn- 
ing occurred. This accounts for the low 
yields of these two treatments. Com- 
pound 269 gave very little control of boll 
weevil and a very small increase in yield. 
In experiment 3 all treatments con- 
sistently gave significantly lower boll 
weevil infestations than the untreated 
checks. The spider mite population was 
low until late in the season, and the mix- 
tures containing sulfur or Aramite gave 
better control than the one containing 
parathion. On August 14 one application 
of a dust containing 10 per cent of p-chlo- 
rophenyl p-chlorobenzenesulfonate (K- 
6451) at the rate of 9 pounds per acre gave 
fair control of the spider mite. The boll- 
worm infestation was not very heavy, and 
all the mixtures used gave satisfactory 
control. For all the dusts the yields were 
significantly greater than for the un- 
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treated check. The dust containing 5 per 
cent of aldrin, with DDT and sulfur gave 
the greatest increase in yield, followed 
closely by the mixture of heptachlor, 
DDT and sulfur, and calcium arsenaie 
alternated with 3-5-40. 

Experiments 4 and 5 (Table 3).—Insev- 
ticides were applied on August 7, 13, 17, 
24, 29, September 3 and 7, and on Sep- 
tember 12 in experiment 4 only (washed 
off). All the dusts gave satisfactory con- 
trol of the boll weevil, and also reduced 
the square and boll injury by bollworms. 
The bollworm injury to bolls was greatest 
in the plot where the mixtures containing 
‘alcium arsenate, 5 per cent of DDT, and 
1 or 0.5 per cent of parathion were used. 
The yield was greatest where BHC plus 
10 per cent of DDT was used. The plots 
treated with mixtures of calcium arsenate, 
DDT, and parathion gave the poorest 
yields. 

All the dusts in experiment 5 gave fairly 
satisfactory control of the boll weevil and 
some reduction in the percentage of 
squares or bolls injured by the bollworm. 
All the mixtures that contained 20 per 
cent of toxaphene gave satisfactory con- 
trol of bollworms and approximately the 
same increase in yield over the untreated 
plots. Plots treated with 10 per cent of 
toxaphene plus 2 per cent of parathion 
and those treated with EPN had the high- 
est percentage of bollworm-injured bolls 
and the lowest vields. 

Experiment 6 (Table 4).—Insecticides 
were applied on August 7, 13, 17, 24, 29, 
September 3, and 7. On September 12 it 
rained after the plots had been treated 
with the BHC-DDT-sulfur dust. All the 
treatments gave satisfactory control of 
the boll weevil. The differences in yield 
were due mainly to differences in boll- 
worm control. The BHC-DDT-sulfur dust 
and the heptachlor-DDT, BHC-DDT, 
and toxaphene-parathion sprays applied 
at the higher dosages gave the best boll- 
worm control and the highest yields. The 
poorest bollworm control and the smallest 
increase in yields was given by the toxa- 
phene-parathion spray applied at lower 
dosages and the EPN spray. 
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Susceptibility of a Normal and an Inbred Strain of 
Drosophila melanogaster to Dieldrin, Toxaphene, 





DDT, and Methoxychlor 


Herpert Knutson, University of Rhode Island, Kingston' 


Drosophila melanogaster (Meigen) is oc- 
casionally used as a test insect to deter- 
mine toxicity of insecticides. Although 
this species presents certain disadvantages 
because it is greatly affected by low humid- 
ity and because it may show. consider- 
able variation in mortality under a given 
set of experimental conditions, it offers 
certain advantages over other insect spe- 
cies as a test insect. Among these advan- 
tages is the knowledge accumulated on its 
genetics, a subject which is closely asso- 
ciated with the problem of insecticide 
resistance which is being displayed by 
numerous insects. It is therefore advisable 
to record at this time certain data accum- 
ulated during the preliminary phases of a 
study conducted in this laboratory,’ 
since these data will not be included in 
the forthcoming published report. 

Several papers have reported on the 
toxicity to Drosophila of one or more of 
the insecticides (principally DDT) used 
in this study, including the work of Ander- 
son (1948), Bartlett (1951), Berg (1949), 
Browning ef al. (1948), Browning & 
Shapiro (1948), Dormal et al. (1948), 
Maxwell & Swain (1949), McLeod (1944), 
Metcalf (1948), and Metcalf & Gunther 
(1947). Included among the papers on 
insecticide resistance by Drosophila are 
those of Morrison (1947), Reimschneider 
and Rohrman (1950) and Weiner & 
Crow (1951). There are, however, no 
known publications on the relative sus- 
cepuibility to these insecticides of an 
inbred strain developed independently 
of insecticide exposures. 

MATERIALS AND Mertruops.—Wild 
Drosophila melanogaster collected in King- 
ston, Rhode Island, and a wild, inbred, 
isogente strain from Burlington, Vermont, 
were used. Both were healthy cultures 
grown on an identical cornmeal-molasses 
medium. The former will hereafter be 
referred to as the “normal” strain, the 
latter as the “inbred” strain. The inbred 
strain was inbred in 1946 by direct 
brother-sister matings of a normal wild 
strain for 12 generations, presumably re- 
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sulting in a homozygous condition of the 
genes. Selection of the individual flies 
actually used in development of the in- 
bred strain was made at random by Dr. 
Ernest W. Hartung of this Department for 
use in his studies of tumor inheritance; 
insecticide susceptibility was not in mind 
when the inbred strain was developed. 
The exposure chamber into which the 
flies were introduced consisted of a glass 
shell vial, 95 mm. in length and 25 mm. 
in diameter. A round No. 2 glass cover 
slip, 0.97 inch in diameter was glued 
to the bottom of a No. 11 cork, and ground 
to a diameter slightly less than that of 
the shell vial. When the cork with the 
cover slip was inserted in the vial, the 
result was a chamber wherein the Droso- 
phila were forced to walk on a glass sur- 
face at all times. The entire glass surface 
was later coated with an insecticidal resi- 
due of one of the various insecticides 
used: “refined DDT,’ “purified meth- 
oxychlor,’* “technical toxaphene,’”® and 
“recrystallized dieldrin.’’® Solutions were 
prepared by dissolving 50 mg. of the first 
three insecticides and 25 mg. of dieldrin 
in 100 ce. of acetone. The latter was re- 
duced to half-strength since the 50 mg. 
concentration was ordinarily too strong to 
obtain less than 100 per cent mortality. 
The coating of insecticide on the inner 
surface of the vial was obtained by filling 
the vial with the solution, pouring it out, 
and then quickly shaking off the last drop 
or two which collected at the rim of the 
vial as it was held upside down. The cover 
slip glued to the bottom of the cork was 
also covered with the same solution, and 
the excess quickly removed. Both the 
vials and the cover slips were allowed 
to dry for 24 hours previous to the intro- 

1 Department of Zoology. Supported by a Grant-in-aid by the 
Dean, College of Arts and Sciences. Technical assistance of 
Harrie M. Fatt, William G. Hart and John B. Dimond is 
acknowledged, 

2 Modifications in fecundity and life span of Drosophila 
melanogaster (Meigen) following sublethal exposure to Dieldrin; 
supported in part by Division of Research Grants, National 
Institutes of Health, National Microbiological Institute, Project 
E-357(C). 

34 Geigy Co. 

5 Hercules Powder Co., Code 986, batch 9-497-4-R., 2-A-11. 

6 Julius Hyman and Co., sample no. 3219. 
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to four insecticides for various lengths of time.' 
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Table 1.—Average mortality of a normal and an inbred strain of D. melanogaster following exposure 
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Total Mortality 


Per CENT 


Hours FoLtow1inc Exposure REQUIRED TO ATTAIN 





100 Per Cent Mortality 


Normal Inbred Normal Inbred Normal Inbred 

oo g ao oe. u8 o 9 of ? rot ° 
Control 9 6 3 2 _ — —_ — — — — — 
Dieldrin 70 «69 59 «50 54 54 68 60 9to 36 19 to 40 13 to 39 37 to 47 
Toxaphene 24 35 62 41 84 54 60 66 3 2 54 . 
DDT 50 32 81 80 42 96 10 48 2 2 0 to 44 2 
Methoxychlor 68 24 83 30 18 84 30 76 0 to 49 2 Oto 7 2 








1 Exposure periods. Dieldrin: males 20, 25, 30 seconds and females 25, 30, 35, 40 seconds; Toxaphene: 16, 





20, 24, 28, 32 minutes, 


DDT: 48, 60, 72, 84, 96 minutes; and Methoxychlor: 144, 180, 216, 252, 288 minutes. 


2 100 per cent mortality not attained. 


duction of the flies, to permit evaporation 
of the acetone. By inverting the vials and 
by maintaining an overhead light during 
exposure, the flies were induced to remain 
on the inner surface of the shell vial rather 
than on the cover slip. A temperature of 
25° C. and a relative humidity near or at 
100 per cent were maintained at all times. 
The latter was accomplished within the 
exposure chamber by wrapping a_ strip 
of filter paper, soaked in distilled water, 
around the cork next to the cover slip; 
the water vapor entered the chamber 
between the edge of the cover slip and 
the wall of the vial through a space too 
small for the flies to pass. Controls were 
prepared by the same procedure except 
that only acetone was used. 

Drosophila were separated according 
to sex and introduced into exposure 
chambers when 1 to 2 days old, 20 speci- 
mens per chamber. Toxaphene, DDT, 
and methoxychlor exposures were repli- 
cated 20 times. The dieldrin exposures and 
the controls were replicated 40 times. 

After exposure, each lot of 20 flies was 
transferred to a clean shell vial plugged 
with cotton which contained an agar- 
molasses preparation on which moistened 
yeast balls were added as food. A humidity 
at or near 100 per cent was maintained 
by adding water to the cotton and by 
keeping all vials in a tight jar maintained 
at or near 100 per cent humidity. Addi- 
tional yeast was added as needed for food. 
Observations through the walls of the 
vial were made 1 to 2 hours after exposure 
and at least every 6-hours following ex- 
posure until no further appreciable mor- 
tality occurred as the result of exposure 
to the insecticides. These studies were 










conducted over a period of a year, in- 
volving several different generations of 
both strains. 

Results are given in figure 1 and table 1, 
with Abbott’s formula (1925) applied to 
compensate for mortality in the controls. 
Exposure times to each of the various 
insecticides were purposely varied to 
obtain certain mortalities for another 
study? rather than to obtain closely com- 
parable mortality rates among the various 
insecticides. It follows that comparisons 
must be somewhat limited although cer- 
tain trends are apparent. 

Resutts.—Certain differences between 
the2 strains are revealed by a comparison of 
the (1) per cent mortality; (2) time follow- 
ing exposure required to attain total mor- 
tality and 100 per cent mortality: and (3) 
relative average mortality rates between 
males and females. 

The per cent mortality (Fig. 1 and 
Table 1) in the inbred strain was higher 
than in the normal strain, when flies 
were exposed to methoxychlor, DDT, 
and toxaphene; this difference was the 
more pronounced in the case of DDT and 
toxaphene. On the other hand, the inbred 
strain underwent a lower mortality than 
the normal strain when exposed to diel- 
drin. Natural mortality during the first 
90 hours in the inbred strain was only 
one-third that of the normal strain, as 
indicated by the controls. Although rela- 
tive toxicity of these insecticides to an 
inbred strain of Drosophila developed 
independent of insecticide exposure is 
not believed to have been published here- 
tofore, several instances of differentia! 


susceptibility of an inbred strain to other 
chemicals 


have been recorded. Gold- 
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smith & Harnly (1946) fed thiourea to 
larvae of the ebony, sooty, black and wild 
venotypes, and found a marked genetic 
difference among them, the wild being the 
least susceptible. L’Heritier & Teissier 

1937) found that the ebony strain does 
not recover when exposed (at certain 
temperatures) to certain concentrations 
of carbon dioxide which can be safely 
used to anesthetize other strains and 
(1938) showed that, although this char- 
acteristic is inherited, is transmitted 
independently of the chromosomes. The 
resistance to carbor dioxide is apparently 
the normal condition while increased 
susceptibility is abnormal (L’Heritier & 
Teissier 1945). 

A comparison of the time following 
exposure required to attain total mortality 
(Table 1, Fig. 1) indicates a trend some- 
what similar to that shown by the per 
cent mortality data. The time required 


by the inbred strain to reach the point 
of total mortality was longer when ex- 
posed to dieldrin (68 hours compared to 
54 hours in males and 60 hours compared 
to 54 hours in females) and shorter when 
exposed to methoxychlor (30 hours com- 
pared to 48 hours in males and 76 hours 


compared to 84 hours in females) and 
DDL (40 hours compared to 42 hours in 
males and 48 hours compared to 96 
hours in females). In the toxaphene 
exposures, the time required by the in- 
bred strain was shorter in the case of the 
inales (60 hours compared to 84 hours) 
and longer in the case of females (66 
hours compared to 54 hours). In_ this 
connection it is interesting to note that 
female mortality exceeded male mortality 
in only one instance; this was when the 
normal strain was exposed to toxaphene. 

Data on length of time after exposure 
required to attain 100 per cent mortality 
Table 1) shows that dieldrin produced 
100 per cent mortality less quickly in the 
inbred strain as compared to the normal 
strain. In the case of the other 3 insecti- 
cides, a 100 per cent mortality was at- 
tained only in certain lots of males and 
ouly in the case of methoxychlor can com- 
parison of the two strains be made. In 
this case the inbred males (0 to 7 hours) 
attained 100 per cent mortality more 
rapidly than the normal males (0 to 49 
hours). 

The relative average mortality rates 
between males and females was also great- 
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lv altered in the inbred strain (Table 1, 
Fig. 1). With males, this alteration was the 
most striking in the case of toxaphene 
(24 per cent compared to 62 per cent); 
DDT (50 per cent compared to 81 per 
cent); and methoxychlor (68 per cent 
compared to 83 per cent). This alteration 
was least evident in the case of dieldrin 
(70 per cent compared to 59 per cent). 
With females, it was the most evident in 
the case of DDT (32 per cent compared 
to 80 per cent). It was much less evident 
with Dieldrin (69 per cent compared to 
50 per cent); methoxychlor (24 per cent 
compared to 30 per cent); and toxaphene 
(35 per cent compared to 41 per cent). 

From a comparison of various mortality 
data given above it is apparent that the 
closely related methoxychlor and DDT 
generally produced similar changes in 
mortality in the inbred strain. Toxaphene 
produced some changes in common with 
methoxychlor and DDT. Dieldrin pro- 
duced many pronounced changes opposite 
from those of the other insecticides. The 
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Fic. 1.—Average time-mortality curves for a normal 
and an inbred strain of 1 to 2 day old Drosophila 
melanogaster following exposure to four insecticides 
at 25° centigrade and approximately 100 per cent 
humidity. Ranges of exposure times are given under 
the name of each insecticide. Dieldrin concentration 
was only half that of the other insecticides. 
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combination of genetic characteristics 
governing insecticide susceptibility which 
occurred in the particular inbred strain 
used in this study, lowered the susceptibil- 
ity to dieldrin while it increased suscepti- 
bility to the other three insecticides; the 
natural mortality rate was also lowered. 

Orner ToxicoLvogicat Datra.—In ad- 
dition to showing certain altered mortality 
rates in an inbred strain, the data show 
certain toxicological characteristes of in- 
terest, based upon data obtained from the 
normal strain. The insecticides ranked in 
the following order of descending toxicity 
based on relative length of exposure times: 
dieldrin, toxaphene, DDT, and methoxy- 
chlor. Berg (1949), using the Swedish B 
strain 1 week after emergence began, 
also found refined DDT, as well as techni- 
cal DDT, to be more toxic than methoxy- 
chlor. He used 2.5 grams per 100 cc. of 
acetone pipetted to absorbent paper. In 
his work, relative toxicity was determined 
in terms of mean survival rate at the end 
of 60 hours. Weiner & Crow (1951) re- 
ported the following order of descending 
toxicity: “commercial” toxaphene, “‘com- 
mercial’”” methoxychlor, and highly re- 
fined DDT, based on relative median 
lethal concentration. They used 4 day 
old flies at 26 degrees centigrade and 56 
per cent relative humidity, and impreg- 
nated filter paper in the form of an insecti- 
cide-acetone solution. 

Comparison of relative mortality rates 
between the sexes (Fig. 1, Table 1) indi- 
cates that males exhibited a_ greater 
mortality than females at 24 hours after 
exposure and that this trend continued 
except when the normal strain was ex- 
posed to toxaphene. In this case, the 
female death rate exceeded that of the 
males after 36 hours. The difference in 
mortality rates between the sexes was 
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greatest in the case of methoxychlor 
exposures. DDT also showed consider- 
able difference in mortality between the 
sexes. Natural mortality was slightly 
greater in the males. 

Quickest initial kill following exposure 
occurred in the case of methoxychlor, 
followed by DDT, toxaphene, and dieldrin 
in that order; this corresponds, in like 
order, to progressively decreasing lengths 
of exposure time to the various insecti- 
cides. 

SumMMAry.—A normal, wild strain and 
an inbred, wild strain were exposed when 
1 to 2 days old to 4 insecticides for varying 
lengths of time. Mortality data are pre- 
sented in tabular and graphic form. 

The inbred strain was less susceptible 
to dieldrin while it was more susceptible 
to toxaphene, DDT, and methoxychlor. 
The time required to attain 100 per cent 
mortality and total mortality was also al- 
tered in the inbred strain. These alterations 
in various mortality data were generally 
similar in the DDT and methoxychlor 
exposures, While toxaphene exposures re- 
sulted in some alterations in common with 
DDT and methoxychlor. Dieldrin § ex- 
posures resulted in many alterations in 
mortality data opposite from those of the 
other three insecticides. In the inbred 
strain, natural mortality was lower and 
the normal ratio of mortality between 
males and females was altered when ex- 
posed to a given insecticide. 

The insecticides ranked in the following 
order of descending toxicity: dieldrin, 
toxaphene, DDT, and methoxychlor. 
Males exhibited greater mortality than 
females at the end of 90 hours except when 
the normal strain was exposed to toxa- 
phene. Greatest difference in mortality 
rates between males and females occurred 
in the methoxychlor exposures. 
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PHARMACOLOGY OF TOXAPHENE. 


In The Journal of the American Medical Associa- 
tion for July 19, 1952, there appeared the report of 
the Committee on Pesticides to the Council on 
Pharmacy and Chemistry, concerning the pharmaco- 
logic properties of toxaphene. According to this re- 
port, toxaphene is a general convulsant, acting on 
the central nervous system. A diffuse stimulation of 
the brain and spinal cord is caused and this results 
in generalized convulsions of a tetanoid character. 
Laboratory animals exhibited silivation, vomiting 
and reflex excitability to sound. An abrupt rise in 
blood pressure in the presence of complete paralysis 
of the muscles followed intravenous doses of toxa- 
phene. Following oral administration there were no 
significant changes in mean arterial blood pressure. 
\s a consistant range of toxicity has not been found 
in experimental animals the absorption of toxaphene 
is irregular. It may occur from the alimentary tract, 
respiratory tract or skin and is influenced by the 
physical state of the technical product. It is taken up 
readily in solution. As a solid absorption in toxic 
doses depends upon its concentration and the species 
of animal, Cutaneous exposure to 40 per cent techni- 





cal dust was fatal for rabbits but higher concentra- 
tions were tolerated by dogs. Little information is 
available about the distribution, storage, detoxifica- 
tion and excretion of toxaphene. It is probably dis- 
tributed through the various fat deposits of the 
body. It is believed to be detoxified slowly in the 
liver and it is excreted in milk. The report covers the 
toxicology among animals at some length. In the 
respiratory tract, it is potentially toxic especially in 
solution. Anticipated symptoms in the poisoning of 
humans are those of a convulsant drug affecting the 
brain and spinal cord. In animals generalized 
epileptiform convulsions are the most prominent 
features of poisoning. The first sign is usually saliva- 
tion. Then comes vomiting. Shortly after, intermit- 
tent muscle spasms occur. These are followed by 
generalized convulsions at three to five minute 
intervals. These continue and finally terminate in 
exhaustion and death from respiratory failure. 
Treatment is directed toward evacuation of the 
stomach and bowels and control of the convulsions. 
Irrigation of the stomach and saline cathartics are 
used to remove the insecticide. Among various drugs 
used to control the convulsions, the barbiturates 
were effective —H.B.W. 


Control of European Chafer Damage in Pasture Sod—II 


Rosert H. Burrage and GrorGe G. Gyrisce, Cornell University, Ithaca, New York 


The European chafer, Amphimallon 
majalis Raz., currently is causing wide- 
spread and serious injury to pasture sod 
in Wayne, Ontario, and Monroe counties 
of New York; it has recently been ob- 
served also within a= small area in 
Onondaga County. The primary damage 
to infested sod is caused by the soil in- 
habiting larvae which feed upon the 
fibrous roots of the pasture grasses and 
clovers. As the grubs prune off the roots, 
the development of the injured plants is 
retarded, and they may eventually die 
from lack of moisture and food. 

The economic effect of larval infesta- 
tions upon pasture vields depends mainly 
upon the density of the grub populations 
and the vigor of the plants which are 
attacked, but in all cases the usefulness of 
the pasture areas is significantly reduced. 
Usually a large proportion of the grasses 
and clovers in an infested field are killed, 
and frequently whole pastures are so 
completely ravaged that they are almost 
valueless as sources of feed for livestock. 
The destruction of a large proportion of 
the plant root systems is accompanied by 
a marked loosening of the surface soil 
structure which, on steep hillsides where 
many of the permanent pastures in the 
area of infestation are found, may be 
followed by erosion. At the same time, 
indigenous tap rooted weeds like mullein, 
which appear to be more or less resistant 
to attacks by the European chafer larvae, 
have little difficulty in establishing them- 
selves in the absence of the normal 
pasture growth. 

Up to the present time management 
practices of permanent pasture in the 
area of infestation have contributed very 
little to either the vigor of the pasture 
plants which are being attacked by the 
grubs, or to the actual reduction § of 
Kuropean chafer infestations. Whitcomb! 
reported that white clover, red clover, 
alsike clover and all pasture grasses grown 
in the infested area are attacked. Tap 
rooted red clovers and alfalfa are able to 
withstand attacks of the grubs, but these 
crops are unsuitable for use in permanent 
pasture; the grasses and clovers that are 
commonly used in permanent pasture 
mixtures, are very susceptible to grub 


injury. Birdsfoot trefoil, a hardy perennial 
legume with an extensive root system, 
appears promising as a permanent pasture 
plant which can survive attacks by 
European chafer larvae. Very little of this 
crop has been grown in the area of in- 
festation, however, and its persistence 
there is being investigated at the present 
time. 

Although no plants, which are satis- 
factory for use in permanent pasture, 
appear to be outstandingly resistant to 
larval attack, it is evident that good 
pasture management can increase the 
stand of foliage on infested sod. In Wayne, 
Ontario and Monroe counties, most hill- 
side areas are maintained as permanent 
pasture sod because it is difficult to 
cultivate the soil on the slopes; because of 
this difficulty of operating machinery on 
the hills these sod areas are very infre- 
quently limed or fertilized and the fer- 
tility of the soil is consistently low. Under 
these conditions fibrous rooted grasses 
and clovers, which have been injured by 
root feeders, have a poor chance of sur- 
viving. It has been observed, on the other 
hand, that the few infested pastures 
which have had periodic applications of 
manure and lime, have maintained com- 
parably good stands of foliage. Since it is 
judicious to have sufficient essential ele- 
ments and moisture available to any 
commercial crop, the usefulness of  in- 
telligent management of infested pas- 
tures, as a means of increasing foliage 
vield, is self-evident. 

The use of organic insecticides, as a 
means of preventing or reducing infesta- 
tions of European chafer larvae in pasture 
sod, is being investigated still. Insecticide 
treatments have been applied as sprays 
against the beetles during the _ flight 
period, and as soil treatments against the 
beetles and immature stages in the soil. 
The beetles are easily killed, and 3 to 5 
per cent emulsions and wettable powder 
suspensions of DDT, aldrin or dieldrin, 
applied with a mist blower against beetle 
populations swarming around trees, have 
been very effective. Almost every tree or 


1 Whitcomb, W. H. 1947. The biology of the European chafer 
Amphimallon majalis (Razoumowsky). Ph.D. Thesis, Cornell 
University. 
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group of trees attracts populations of 
beetles during each flight of the flight 
season however, and it is frequently dif- 
ficult or impossible to reach many of the 
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Table 1.—Effects of fall soil treatments with 
parathion, dieldrin, aldrin, chlordane, benzene 
hexachloride and DDT upon European chafer 
larvae populations in pasture sod. Materials ap- 
plied in dust from a hand operated fertilizer 
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Fic. 1.—Effect of fall soil treatments with dieldrin, 

aldrin, chlordane, and DDT, in dust form, upon 4 

generations of European chafer larvae in pasture 

sod. Stacey Farm, Port Gibson, N. Y. September 25, 
1949, 


and DDT were applied, each at three 
rates of application, to permanent pasture 
plots 10 feet by 20 feet (Expt. 1). The 
effects of these treatments upon 3 con- 
secutive generations of European chafer 
larvae were previously reported by Bur- 
rage & Gyrisco (1951), and at that 
time dieldrin, aldrin, and DDT appeared 
to be the most promising of the insecti- 
cides tested. In October, 1952, three 
square foot samples of soil, each 12 
inches deep were taken from each treat- 
ment plot and examined for larvae. The 
data obtained from these diggings (Table 


i. FIRST GENERATION OF LARVAE 
3% SECOND GENERATION OF LARVAE 
NS THIRD GENERATION OF LARVAE 
ZY FOURTH GENERATION OF LARVAE 


Y 


PERCENT CONTROL 
o 
°o 





RM QQaqyyy 
MOO  _S 








CHLOR. 8 PARA. 8 
TOXICANT- LBS. PER ACRE 


Fic. 2.—Effect of spring soil treatments with chlor- 

dane, benzene hexachloride, and parathion in dust 

form upon 4 generations of European chafer larvae 

in pasture sod, Bedette Farm, Port Gibson, ‘N. Y. 
April 8, 1950. 
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Fic. 3.—Effect of midsummer soil treatments with 

chlordane, DDT, aldrin, benzene hexachloride and 

heptachlor, applied from a low-volume, low-pressure 

sprayer, upon 3 generations of European chafer 

larvae in pasture sod. DeCann Farm, Clifton 
Springs, N. Y. July 21, 1950. 


1) show that 1 pound per acre of either 
dieldrin or aldrin, and 10 pounds per acre 
of DDT gave almost complete control of 
four consecutive generations of European 
chafer larvae. As previously reported, 
benzene hexachloride, applied at the rate 
of 2 pounds of gamma isomer per acre 
effectively controlled only three genera- 
tions of larvae, and parathion at 5 pounds 
per acre gave control of only one genera- 
tion. Chlordane, applied at the rate of 5 
pounds per acre was the least effective of 
the insecticides tested. Figure 1 shows the 
per cent control of the first, second, and 
fourth generations of larvae obtained 
with dieldrin and aldrin each at the rate 
of 1 pound per acre, DDT at 10 pounds 
per acre, and chlordane at 5 pounds per 
acre. 

By early 1950 it was evident that low 
rates of application of aldrin, dieldrin, 
benzene hexachloride and parathion (Ex- 
periment 1) would give satisfactory con- 
trol of 1 generation of third instar larvae, 
and that 5 pounds of chlordane per acre 
was not a useful treatment. Since the 
residual effects of low rates of application 
of parathion and benzene hexachloride 
were then unpredictable, these two in- 
secticides and chlordane were each tested 
at the rate of 8 pounds per acre (Experi- 
ment 2). The materials were applied on 
April 8, 1950, in dust form from a hand 
operated fertilizer spreader, to plots 35 
feet by 35 feet; the treatments were repli 
cated within each of 4 blocks which were 
laid out in a permanent pasture near 
Port Gibson, New York. 
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On May 27, 1950, October 20, 1950 and 
(ictober 15, 1952, 5 samples of soil, each 
2 inches square and 6 inches deep, were 
iaken from each plot and examined 
for European chafer larvae; on Septem- 
her 7, 1951, 10 samples of soil from 
each plot were examined because the 
larvae populations in the treated areé 
were unusually light. Table 2 and Figure 
2 show that chlordane and benzene hexa- 
chloride, each applied at the rate of 8 
pounds per acre, gave excellent control of 
t consecutive generations of larvae. 
Parathion, applied at the same rate, gave 
a highly significant control of two genera- 
tions, approximately 55 per cent control 
of the third; and no control of the fourth 
generation. 

Tests of the usefulness of low pressure, 
low volume spray treatments of insecti- 
cides, for the control of European chafer 
larvae in pasture sod, were begun in 1950. 
On July 21, 1950, chlordane, aldrin, and 
heptachlor, each at the rate of 2 pounds 
per acre, and DDT at the rate of 5 pounds 
per acre, were applied in emulsion form 
from a low pressure, low volume sprayer 
to pasture sod plots 20 feet by 40 feet 
(Experiment 3). Each emulsifiable con- 
centrate was so diluted that the emulsion 
was applied to the plots at the rate of 
approximately 40 gallons per acre. The 
treatments were randomized within each 
of 4 blocks in a permanent pasture near 
Port Gibson, New York. On October 25, 
1950, 5 samples of soil, each 12 inches 
square and 6 inches deep, were taken 
from each treatment plot and examined 
for larvae. In 1951 the infestation of 
grubs was too light in the treatment area 
for any useful data to be obtained, but in 
October, 1952, 5 foot-square samples 
from each treatment plot were again 
examined for larvae. Figure 3 shows that 
the aldrin and heptachlor treatments of 2 
pounds of toxicant per acre gave good 
control of three generations of the Euro- 
pean chafer larvae. Benzene hexachloride 
al the rate of 2 pounds per acre of gamma 
isomer, and DDT at the rate of 5 pounds 
per acre gave good control of the first 
veneration but no control of the third. 
Chlordane, applied at the rate of 2 pounds 
per acre did not give any useful control of 
the larva populations in the treated plots. 

Discussion OF INSECTICIDE SOIL 


TREATMENTS.—The data obtained from 
1949 fall 


the treatments indicate that 
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aldrin and dieldrin were the most effective 
of the insecticides tested for the control 
of European chafer larvae in pasture sod. 
Each of these materials, applied at the 
rate of 1 pound per acre, and DDT, ap- 
plied at the rate of 10 pounds per acre, 
produced a highly significant control of 
4 consecutive generations of the grubs. 
Parathion at 5 pounds per acre, and 
benzene hexachloride at 2 pounds per 
acre were effective for a shorter period of 
time only, and chlordane was the least 
effective of the insecticides tested. Table 
2 shows, however, that chlordane applied 
at the rate of 8 pounds per acre in Experi- 
ment 2, also gave a highly significant 
control of 4 consecutive generations of the 
larvae in pasture sod. 

The controls obtained in experiment 3 
agree with the data obtained from experi- 
ment 1, in that aldrin, applied at the rate 
of 2 pounds per acre was more effective 
than either chlordane or benzene hexa- 
chloride applied at the same rate, or DDT 
applied at the rate of 5 pounds per acre. 
Heptachlor, applied at the rate of 2 
pounds per acre appeared to be as effec- 
tive, in controlling the larvae, as aldrin. 
Of the insecticides tested in the three 
experiments, aldrin, dieldrin, DDT and 
possibly heptachlor appeared to be the 
most effective in controlling populations 
of European chafer larvae in pasture sod. 
Until further data are available to the 
contrary, however, it is believed that 
wherever root or tuber food crops are to 
be grown in rotation with the sod, aldrin, 
dieldrin, chlordane and heptachlor should 
not be used as soil treatments since it is 
possible that any one of these toxicants 
may be absorbed by the vegetables. 

A comparison of figures 1 and 3 in- 
dicates that the fall dust treatments were 
more effective than the midsummer spray 
treatments. Such differences may be ex- 
plained by the fact that insecticides 
applied to the soil surface during the hot, 
dry summer are very likely to break down 
before they penetrate into the soil; during 
the late fall more precipitation may be 
expected to wash the materials into the 
soil, the air temperatures are lower, and 
there are fewer hours of sunshine per day. 
It is very probable, then, that late fall 
applications of insecticide are more 
efficient than summer applications. 

Low pressure, low volume spray appli- 
cations of insecticides to pasture sod are 
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considered to be more effective than dust 
applications, because dust applications 
have two main disadvantages: 

1. It is difficult to prevent loss of 
material from drift, during and after 
the application. 

2. A large bulk of material must be 
stored and handled, since a consider- 
able amount of diluent dust is in- 
cluded in the application to provide 
good distribution of the toxicant. 


The application of insecticides, in emul- 
sion form, from a low pressure, low 
volume sprayer involves neither of these 
disadvantages. The toxicant may be 
stored and handled in compact emulsifi- 
able concentrate form, and water is the 
only diluent required when the material 
is to be applied. It has been observed, 
also, that very little material is lost from 
drift at the time of the application, and 
since emulsions adhere very well it is very 
improbable that any material is lost from 
drift after the application. 

The experiments have indicated, then, 
that dieldrin, aldrin, DDT and _ hepta- 
chlor, applied in the late fall in emulsion 
form are the most promising insecticide 
treatments for the control of European 
chafer larvae in pasture sod. 

SumMAryY.—Insecticide soil treatments, 
for the control of European chafer larvae 
in pasture sod, appear to be the most 
efficient method of reducing larvae popu- 
lations, although good pasture manage- 
ment is very important in increasing the 
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foliage vield of infested sod. 

Late fall treatments of dieldrin and 
aldrin, each applied at the rate of 1 pound 
per acre, and DDT at 10 pounds per acre, 
gave excellent control of 4 consecutive 
generations of the grubs. These treat- 
ments were applied in dust form from a 
hand operated fertilizer spreader. Aldrin 
and heptachlor, each applied at 2 pounds 
per acre in emulsion form from a low 
pressure, low volume sprayer, gave ex- 
cellent control of 3 generations of larvae. 
These treatments, applied during the 
midsummer, appeared to be somewhat 
less effective than comparable fall treat- 
ments, possibly because of more insecti- 
cide breakdown during the hot, dry 
summer. 

Benzene hexachloride and chlordane, 
applied at the rate of 8 pounds per acre in 
dust form from a hand operated fertilizer 
spreader, gave excellent control of four 
consecutive generations of European 
chafer larvae in pasture sod. 

Until further data are available indi- 
cating the contrary, wherever root or 
tuber crops are to be grown in rotation 
with sod, dieldrin, aldrin, heptachlor and 
chlordane should not be used as_ soil 
treatments because the toxicants may be 
absorbed by the vegetables. 

Low pressure, low volume spray appli- 
cations of insecticides, in emulsion form, 
are considered to be more efficient than 
dust applications mainly because less 
toxicant is lost from drift during and after 
the spray application of the insecticide. 
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Air-Blast Spraying Apparatus for Helicopters' 


S. F. Porrs, Bureau of Entomology and Plant Quarantine, Agr. Res. Adm., U.S.D.A., 
and R, A. SPENCER, Connecticut Agricultural Experiment Station 


Airplanes and helicopters have been 
widely used in recent years to apply 
sprays for the control of many insect 
pests. Through their use a number of 
species have been controlled successfully 
with as little as 1 or 2 gallons of concen- 
trated spray per acre. This method of 
spray application has been especially 
successful in the control of insects that 
defoliate plants, and of such active forms 
as leafhoppers and mosquitoes. Airplane 
applications have been less effective a- 
gainst immobile forms such as the fixed 
scales or against white pine weevils or 
other species that feed by puncturing 
tiny holes. Some of these insects move 
about so littke when they move at all 
that heavy dosages and complete cover- 
age are necessary before they can be 
controlled. Airplanes must be flown at 
greater speeds and at higher altitude 
above forest crowns than helicopters, 
and therefore are not so readily adaptable 


to applications under these conditions. 


Helicopters possess certain features 
that render them suitable for spraying 
where heavy dosages and thorough cover- 
age are desired. They may travel very 
slowly or actually hover in space. Through 
the action of their rotors sprays liberated 
from them are driven downward by a 
swirling blast of 1 to 2 million cubic feet 
of air per minute at 12 to 20 m.p.h. 
when they are hovering. The downward 
air blast at the plants and ground de- 
creases as the forward speed and altitude 
of the helicopter above the ground in- 
crease. A further advantage is their high 
degree of maneuverability. 

In the past no suitable apparatus for 
finely atomizing the spray has been avail- 
able for use on helicopters. This lack, 
plus the high initial cost and their limited 
capacity of 50 to 60 gallons, has restricted 
their use in agricultural spraying. 


1 The authors express their appreciation to E. W. Wiggins, of 


Wiggins Airways, Norwood, Mass., and to F. W. Soule, of Dux 
bury, Mass., for furnishing helicopters and other facilities. 
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The conventional apparatus for heli- 
copter spray applications has a boom of 
nozzles that atomizes the spray to drop- 
lets in the range of 200 to 300 microns in 
diamenter. When this boom is attached 
to an airplane traveling at 60 to 100 
m.p.h., it produces droplets in the range 
of 125 to 180 microns. This finer atom- 
ization is due to wind action at speeds 
greater than for the helicopter tests. 
The droplets become progressively smaller 
with increase in flight speed. 

When the best range of droplet diame- 
ters for control is 40 to 60 microns, which 
is close to the optimum of 40 microns for 
mist-blower application, the apparatus 
described herein should give best results 
in helicopter spraying. The advantages of 
this apparatus are as follows: (1) It pro- 
vides for much finer atomization than 
can be obtained with the boom attach- 
ment at delivery rates up to 12 gallons 
per minute; (2) it provides for continuous 
agitation of spray material in tanks, and 
also for the use of large-orifice nozzles, 
thus permitting the application of sus- 
pension-type sprays; (3) fewer nozzles 
are required; (4) spray drip is prevented 
by the continuous air blast and the use 


of an instantaneous shut-off valve; and 
(5) the whole outfit is lighter in weight, 
thus permitting a heavier spray load. 
AssEMBLY.—T'wo 25-gallon tanks, one 
on each side of the helicopter, hold the 
spray mixture. Fig. 1. The air blast from 
the cooling fan of the helicopter engine is 
utilized to atomize the mixture. At the fan 
the air is diverted into two ducts 6 to 7 
feet long, 5 inches in diameter at the 
entry end and 4 inches at the outlet. The 
mixture is delivered at 40 p.s.i. from a 
centrifugal pump through hollow-cone 
nozzles, such as Whiljet Nos. 1, 2, 3, 5, 
and 10. The nozzles are attached to a 
ring mounted on the rim of the outlet, 
with their tips projecting 1.5 inches be- 
yond the rim and 0.25 inch outside of the 
air blast and at right angles to the air 
stream. Fig. 2. The outlets of the two ducts 
are 7 to 8 feet apart, and pointed towards 
the rear of the machine at an angle of 
about 10 degrees from the line of flight. 
Increasing this angle and the length of 
the ducts increases the swath width, but 
if the angle is much greater than 20 de- 
grees there is often a narrow strip of ver) 
light deposit in the center of the swath. 
The bends in the air ducts leading from 
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Fic. 3.—Performance of helicopter air-blast spraying apparatus. Note cloudlike density of atomized spray, 

also sharp downward drift of the cloud as it is driven towards the ground by the rotors overhead. The average 

droplet diameter of this spray is 35 microns, and it is being delivered at the rate of 10 gallons per minute, 
through No. 2 nozzles. 


the fan must turn as gradually as possible, 
since abrupt bends and long pipes reduce 
air velocity. 

Air from the cooling fan passes through 
the outlets at the rate of 85 to 90 miles 
per hour. When No. 1 and No. 2 nozzles 
are used, this is fast enough toatomize 
oil solutions and oil-in-water emulsions 
to a mass average drop diameter of 50 to 
70 microns, but is not quite enough for 
atomization with the larger nozzle orifices 
needed to apply suspensions at low pres- 
sure, such as 40 p.s.i. 

To obtain the higher velocity needed 
for nozzles with large orifices (as Nos. 5 
and 10), the two exhaust stacks of the 
helicopter engine are removed and in- 
verted, and each is attached to a 2-foot 
length of 2-inch diameter stainless steel 
flexible tubing, which empties into one of 
the air ducts 12 to 16 inches back of the 
outlet. Fig. 1. The over-all length of the 
attachment for each exhaust stack is 40 
inches. The exhaust gases and cooling-fan 
air should converge very gradually. This 
arrangement increases the air velocity to 
120 m.p.h., which will atomize aqueous 


suspensions to a mass average drop diam- 
eter of about 45 microns, with a range of 
10 to 110 microns, when No. 5 nozzles 
are used. Fig. 3. The exhaust gases, which 
move at 175 m.p.h., are cooled to a tem- 
perature of 90° F. by the larger volume of 
air from the cooling fan plus the large vol- 
ume of spray from the nozzles. 

Since mechanical agitation is needed 
for the application of suspensions, a pro- 
peller-type agitator with six blades is 
installed in each tank. These agitators 
are driven by two 0.25-hp. electric motors 
powered by the helicopter’s storage bat- 
tery. This arrangement provides agitation 
while the aircraft is standing on the 
ground as well as when it is in flight. 

Although a shut-off valve back of each 
nozzle often stops leaks from boom equip- 
ment, none is necessary for the equipment 
described because it eliminates the long 
pipe line of liquid that drains into the 
nozzles and because any minute quantities 
present in the nozzles at the instant the 
spray valve is closed would be blown 
away in finely atomized form by the con- 
tinuous air blast. 
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The entire apparatus is about 25 
pounds lighter than the boom attachment. 
Moreover, the helicopter, with apparatus 
attached, can be transported by trailer 
over any ordinary highway, thus greatly 
reducing the high cost of ferrying. 

APPLICATION OF SPRAY-COATED Dusts. 
—A device has been improvised for simul- 
taneously applying dust and spray by 
coating the dust with spray liquid. The 
dust is fed from a hopper into the air 
ducts, and mixes with the spray at the 
outlets, where the spray nozzles are 
located. Trials were made on the ground 
with 40-per cent oil emulsion delivered 
at 2, 4, 8, and 12 gallons per minute, 
while the dust was discharged, respective- 
ly, at 20, 40, 80, and 120 pounds per 
minute. At these rates about half the 
dust was well coated. A higher proportion 
of dust can be wetted if it is mixed with 
5 to 12 per cent of its weight of oil, glycer- 
ol, or other nonvolatile liquid before being 
poured into the hopper. Spray-coated 
dusts do not have such wide use as apray 
alone, but in some cases they are prefer- 
able, as when two or more pesticides are 
not stable or compatible in the same mix- 
ture. 

Limitations IN Use or Exuaust 
GasgEs.—A study was made to determine 
whether the exhaust gases constitute a 
fire hazard when flammable liquids are 
being applied. Severe flash tests were 
made with flames and carbon sparks. 
The atomized air-spray stream from a 
xylene-kerosene mixture was ignited with 
a blow torch that threw a flame 4 inches 
in diameter and 3 to 4 feet long. In actual 
helicopter spray operation the keorsene- 
xylene mixture gave two or three flashes. 
No flashes resulted when the mixture con- 
tained 50 per cent or more of water, as in 
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all emulsion and suspension sprays, or if 
the oil had a viscosity exceeding 44 sec- 
onds Saybolt. For such mixtures the usc: 
of the exhaust is safe. For the flammabl- 
kerosene-xylene mixtures the exhaus| 
must be disconnected and the spra: 
atomized by air from the ceoling fan 
alone. In this case small-orifice nozzles, 
as Whirljets Nos. 1 and 2, can be used, 
as there should be no clogging problem 
with solutions or oil-in-water emulsions. 

SUGGESTED ADAPTATIONS IN. HELI- 
COPTER ConsTRUCTION.—On the basis of 
their experience, the writers believe that 
helicopters used for spraying should be 
provided with one or more fans that de- 
liver air at sufficient velocity and volume 
to handle any type of mixture without 
the exhaust. They believe that an ideal 
fan should deliver air at 135 m.p.h. 
through three properly placed 5-inch out- 
lets. ‘Lhe center outlet could point for- 
ward or aft of the aircraft and the other 
two outlets point to the rear of the ma- 
chine at an angle of about 15 degrees from 
the line of flight. Such an arrangement 
would deliver a much wider swath than 
anything known to be in use in this 
country at the present time, and the ap- 
paratus would be capable of finely atomiz- 
ing up to 25 gallons of mixture per min- 
ute. 

APPLICATIONS.—The spraying device 
described here has been used successfully 
for a full season in controlling the small 
European elm bark beetle, cankerworms, 
the gypsy moth, the white pine weevil, 
mosquitoes, and pests of cranberry bogs. 
With the same device hormone sprays 
have been applied to nearly 1000 acres of 
orchards, and herbicides have been ap- 
plied to several hundred acres of deciduous 
sprout growth along power lines. 
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\n Improved Spray Tunnel Method for Laboratory Tests 





S. C. Dorman and W. E. Haut, Shell Agricultural Laboratory, Modesto, California 


Methods used for the bioassay of in- 
secticides should be reasonably precise, 
dependable so that the results from one 
set of trials can be compared directly to 
any other, efficient so that data are not 
too costly, and the equipment should be 
simple. The method described here has 
proven over four years’ use to satisfy 
these requirements. Although based on 
previous methods, it has certain modifi- 
cations which tend to improve results or 
to simplify operations, and, therefore, 
may be of use to other laboratories. 

Many bioassay methods for insecticides 
have been published but it will suffice to 
mention only three that are of direct in- 
terest. TT. C. Allen tested insecticides 
using houseflies with a “falling mist” 
method and cylindrical cages with solid 
sides and screen wire ends, permitting 
spraying until any desired deposit or mor- 
tality had been reached. Hoskins & 
Caldwell developed a method using a 
horizontal spray nozzle and a closed hood 
providing a classification or removal of 
undesirably large droplets by gravity. 
Roan and Kearns evolved a spray tunnel 
giving good reproducibility, with a con- 
stant suction, high velocity current of air, 
and screen cages similar to Allen’s. With 
these methods in mind some of the fea- 
tures of each were combined with new 
ones in an attempt to achieve a simpler 
svstem. 

A horizontal tube 6 inches in diameter 
and 36 inches long was chosen as a spray 
tunnel with a spray nozzle at one end and 
the other end leading into a fume hood 
(Fig. 1). A constant velocity of air is 
necessary In a spray tunnel and it was 











oe 


Fic. 1.—Spray Tunnel. Plan View. Section through 
hood and auxiliary tunnel. Arrangement of round 
spray tunnel and drive mechanism. Seale }”=1", 
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planned that the fume hood would pro- 
vide a constant suction; however, it was 
found that turbulence in the exhaust fan 
caused tremendous variation in velocity. 
Since the exhaust fan was not suitable for 
keeping a constant air flow through the 
tunnel, the difficulty was obviated by 
leaving the fume hood door open, thus 
using the hood only to carry away the 
residual spray and by depending upon the 
positive pressure from the spray nozzle 
to move the spray down the tunnel. The 
spray tunnel is removable and the entire 
apparatus is thereby readily adjustable 
for other uses. 

A number of commercial nozzles were 
tried but none of the types at hand was 
satisfactory. Most of them did not deliver 
a spray cone which was both even and 
wide enough to cover a target four inches 
in diameter. Droplet sizes were also un- 
desirable in most such nozzles when oper- 
ated at low rates of delivery, and liquid 
holdup was too great for precise applica- 
tion of small volumes of liquids. These 
disadvantages were overcome by con- 
structing a simple air brush type of nozzle 
using a glass reservoir of about 5 ml. ca- 
pacity with a capillary glass delivery tube 
tipped with 0.5 inch of No. 19 stainless 
steel tubing. The air tip is made of 2 mm. 
ID glass tubing. A clamp holds the nozzle 
parts together in a fixed position at the 
mouth of the tunnel (Figs. 2, 3). 

The operation of the nozzle is checked 
by the pattern of dyed oil that is de- 
posited upon blotting paper strips or tar- 
gets and by maintaining a constant rate 
of delivery. If there is a change in the 
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Fig. 2.—Pea Aphid Dosage-Mortality. 
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Fig. 3.—Spray nozzle and valve. 


time required to spray a fixed volume, it 
is usually evident that a piece of lint or 
organic precipitate has partially clogged 
the glass nozzle. The apparatus has been 
used to assay a variety of sprays includ- 
ing water and organic solutions, emul- 
sions, and suspensions. 

The air for the nozzle is held at a con- 
stant pressure by a regulator adjusted to 
10 psi during spraying as indicated by a 
mercury manometer. A spring loaded air 
valve of the type used in garages works 
well in controlling the nozzle because it 
opens and closes quickly. A ball and 
socket joint is included in the air line so 
that nozzles may be easily changed. 

The rate of flow of air down the spray 
tunnel in normal operations with the 
fume hood open is determined chiefly by 
the air pressure on the atomizer, a factor 
which is easily controlled. The effect of 
varying the rate of flow of air by extreme 
variation in the hood exhaust fan had no 
detectable effect on mortality. The effect 
of atomizer air pressure on mortality is 
not critical in the working range where a 
change from 30 to 50 mm. Hg. working 
pressure caused a maximum of about 20 
per cent change in mortality to pea aphid 
using a dose of 0.4 ml. of 0.1 per cent ASP- 
47. The droplet size and rate of air flow 
are known to vary over this range so it 
seems probable that the effects of these 
and other factors tend to cancel each 
other in this procedure. 

Flexibility is an important factor in 
evaluating insecticides against several 
species of insects where it is desirable to 
change test insects with a minimum of 
lost time and inconvenience. With this in 
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Fic. 4.—Spray tunnel and aphid cage in holder. 


mind, stoppered 1 inch by 3 inch 14 by 15 
mesh copper screen cages were con- 
structed to hold groups of insects while 
being sprayed. The cage is suitable for 
holding samples of insects as small as pea 
aphids or as large as cockroaches. With 
these cages the problem of storage, clean- 
ing, and handling large numbers is mini- 
mal. 

The cages are sprayed while held in a 
three wire spring clip. This clip is mounted 
just outside of the exit or hood end of the 
spray tunnel. The clip and cage are held 
in position by a setscrew on an axle re- 
volving about 80 rpm so that all sides of 
the insects are uniformly sprayed (Fig. 
4). A foot switch on a flexible cord has 
been found convenient to start and stop 
the stirring motor used to turn the cage. 
In practice, if the number of samples war- 
rant, one person can spray and one 
handle cages at about equal speeds. 

Houseflies are sprayed in disposable 
‘rages made of 2.5 inch sections of 3 inch 
diameter light weight mailing tubes cov- 
erec at each end by a piece of ballet net 
(bobbinet) held in place with slip rings. 
For spraying, the fly cage is placed with- 
in a rotating cylinder at the exit end of 
the tunnel. A belt holds the cylinder 
against idler rollers and also rotates it and 
the cage inside (Fig. 5). 

Mite-infested bean plants with two 
leaves are prepared by pinning the leaves 
up to expose the mites and keep the leaves 
vertical while spraying. The pot is placed 
so the leaves are in the spray at the exi! 
end of the tunnel and the pot may b 
rotated on a turntable during spraying if 
desired. 

In a bioassay series a lethal dose ma) 
be attained by varying concentration or 
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Fic. 5.—Spray tunnel and fly cage in holder. 


volume sprayed. The spraying arrange- 
ment as described is probably best 
adapted to spraying a constant small vol- 
ume of 0.3 to 0.5 ml. and determining a 
median lethal concentration after a fixed 
time. In cases where organic solvents are 
used, a small dose is desirable due to the 
potential toxicity of the solvent. Compari- 
sons of equal amounts of toxicant sprayed 
in different volumes of carrier have shown 
little differences in mortality in most 
cases, indicating mortality to be primarily 
a function of the toxicant and not the 
carrier. A kerosene type carrier is pre- 
ferred if the compound io be assayed is 
sufficiently soluble in it. Standards are 
run, including a solvent or carrier blank 
and a reference toxicant such as para- 
thion, DDT, or the like. A standard 
toxicant must suit the insect and for best 
precision should be of the same type as 
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Fic. 6.—Pea aphid dosage-mortality. 
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is being investigated. 

An interesting set of tests with solvents 
of different volatility showed that the 
weight of deposits was much less when a 
more volatile solvent was used but the 
toxicity did not change much. This sug- 
gests that the finer droplets in such cases 
are more efficient due to their higher con- 
centration of toxicant or that the greater 
deposit of fine droplets around edges and 
fine appendages is a stabilizing factor 
and contributes more to toxicity than is 
recognized. It may be noted here that 
deposits on 1 by 3 inch rotating glass 
slides were very heavy near the edges and 
that 1 by 3 inch 12 mesh wire screens 
picked up larger deposits than the solid 
glass. 

Counts of the numbers of droplets of 
different sizes showed a moderately nar- 
row peak at 1.8 microns with 98 per cent 
between 0.25 and 4.0 microns. On this 
basis the air brush type of nozzle in combi- 
nation with the separation of large drop- 
lets afforded by the horizontal tunnel 
was preferable to commercial nozzles. 
Big droplets are undesirable since they 
are potent, few in number, and increase 
variability unless they happen to contact 
the same or equivalent parts of the in- 
sects. 

The results from the method have cor- 
related satisfactorily with field practice 


‘provided that physical and chemical 


properties of the toxicants are adequately 
known and effectiveness is expressed as a 
function of another compound of known 
field usefulness. Typical dosage-mortality 
lines are given in Figure 6 using some 
standard insecticides. 

The advantages of the method include 
the following. A wide range of toxicity 
may be accurately and efficiently assayed. 
The results are not sensitive to operating 
variables. A wide variety of insects and 
compounds may be sprayed with the same 
machine. The sample required is small. 
The equipment is simple and easily mov- 
able so that it can be set up and operated 
in almost any laboratory with a minimum 
of expence and space. 
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AMERICAN ASSOCIATION OF ECONOMIC 


MEETINGS AND Past PRESIDENTS 





ENTOMOLOGISTS 


With the passing of the American Association of Economic Entomologists, the publications of the names 
of the entomologists who have served as president together with the date and place of the annual meetin ys 


2, 1914 


2, 1918 


2, 1924 
3, 1925 


1, 1926 
1, 1927 


2, 1930 


1, 1931 


1, 1936 


should serve a useful historical and inspirational purpose. 
No. President Date 
| C. V. Riley Nov. 12-14, 1889 
2 C. V. Riley Nov. 11-13, 1890 
3 James Fletcher Aug. 17-18, 1891 
t J. A. Lintner Aug. 15-16, 1892 
5 S. A. Forbes Aug. 14-16, 1893 
6 L. O. Howard Aug. 14-15, 1894 
7 = B. Smith Aug. 27-28, 1895 
8 . H. Fernald Aug. 21-22, 1896 
9 F M. Webster Aug. 12-13, 1897 
10 Herbert Osborn Aug. 19-20, 1898 
11 C. L. Marlatt Aug. 18-19, 1899 
12 Lawrence Bruner June 22-23, 1900 
13 C. P. Gillette Aug. 23-24, 1901 
14 A. D. Hopkins June 27-28, 1902 
15 E. P. Felt Dec. 26-27, 1902 
16 M. V. Slingerland Dec. 29-31, 1903 
17 A. L. Quaintance Dec. 29-30, 1904 
18 H. Garman Jan. 1-4, 1906 
19 A. H. Kirkland Dec. 28-29, 1906 
20 H. A. Morgan Dec. 27-28, 1907 
21 S. A. Forbes Dec. 28-29, 1908 
22 W. E. Britton Dec. 28-29, 1909 
23 Ek. D. Sanderson Dec. 28-29, 1910 
24 F. L. Washburn Dec. 27-29, 1911 
25 W. D. Hunter Jan. 1-3, 1913 
26 P. J. Parrott Dec. 31, 1913-—Jan. 
27 H. T. Fernald Dec. 28-31, 1914 
28 Glenn W. Herrick Dec. 27-30, 1915 
29 C. Gordon Hewitt Dec. 28-30, 1916 
30 R. A. Cooley Dec. 31, 1917-Jan. 
31 E. D. Ball Dec. 26-27, 1918 
32 W. C. O'Kane Dec. 31—Jan. 2, 1920 
33 Wilmon Newell Dec. 29-31, 1920 
34 George A. Dean Dec. 28-31, 1921 
35 J. G. Sanders Dec. 28-30, 1922 
36 A. G. Ruggles Dec. 29, 1923-Jan. 
37 A. F. Burgess Dec. 31, 1924—Jan. 
38 H. A. Gossard Dec. 29, 1925—Jan. 
39 Arthur Gibson Dec. 28, 1926—Jan. 
10 R. W. Harned Dec. 27-30, 1927 
11 W. B. Herms Dec. 27-31, 1928 
42 T. J. Headlee Dec. 30, 1929-Jan. 
13 Franklin Sherman Dec. 29, 1930-Jan. 
44 J.S. Houser Dec. 29-31, 1931 
15 W. P. Flint Dec. i 1932 
16 V. E. Hinds Dec. 27-29, 1933 
$7 ‘. F. Phillips Dec. 27-29, 1934 
$8 .. A. Strong Dec. 30, 1935-Jan. 
Dec. 28-31, 1936 
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©. R. Sasscer 
H.S. Smith 
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Harry B. Weiss 
P. N. Annand 
kK. O. Essig 
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8 D. L. VanDine 
59 Clay Lyle 

60 Ernest N. Cory 
61 S. A. Rohwer 
62 A. M. Boyce 
63 C. P. Clausen 
64 R. E. Campbell 
65 E. F. Knipling 


Summer meetings held: 


Aug. 9-10, 1910, Berkeley, 


Dec. 27 


Dec. 


Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 
Dec. 


Calif. 


31, 1937 


26-30, 1938 
Dec. 2 
Dec. 2 
29, 1941—Jan. 
29-31, 
7-9, 1943 


7-30, 1939 
7-31, 1940 


1942 


13-15, 1944 


3-6, 1945 
9-12, 
27-30, 1947 


1946 


13-16, 1948 
13-16, 1949 
18-21, 1950 
10-13, 1951 
15-18, 1952 


1, 1942 


June 22- 


3, 1932, Chicago, Il. 


Ernest N. Cory 


Place 
Washington, D. C. 
Champaign, III. 
Washington, D.C. 
Rochester, N. Y. 
Madison, Wis. 
Brooklyn, N. Y. 
Springfield, Mass. 
Buffalo, N. Y. 

Detroit, Mich. 

Boston, Mass. 

Columbus, Ohio 

New York, N. Y. 

Denver, Colo. 
Pittsburgh, Pa. 

bhigercee age D.C. 

St. Louis, Mo. 

Philadelphia, Pa. 

New Orleans, La. 

New York, N. Y. 

Chicago, III. 

Baltimore, Md. 

Boston, Mass. 

Minneapolis, Minn. 

Washington, D. C. 

Cleveland, Ohio 

Atlanta, Ga. 

Philadelphia, Pa. 

Columbus, Ohio 

New York, N. Y. 

Pittsburgh, Pa. 

Baltimore, Md. 

St. Louis, Mo. 

Chicago, Ill. 

Toronto, Canada 

Cambridge, Mass. 

Cincinnati, Ohio 

Washington, D. C. 

Kansas City, Mo. 

Philadelphia, Pa. 

Nashville, Tenn. 

New York, N. Y. 

Des Moines, Iowa 

Cleveland, Ohio 

New Orleans, La. 

Atlantic City, N. J. 

Boston, Mass. 

Pittsburgh, Pa. 

St. Louis, Mo. 

Atlantic City, N. J. 

Indianapolis, Ind. 

Richmond, Va. 

Columbus, Ohio 

Philadelphia, Pa. 

San Francisco, Calif. 

New York City—cancelled 

Columbus, Ohio 

New York City, 

Dallas, Texas 

Richmond, Va. 

Chicago, Ill. 

= ~w York City, 
lampa, Fla. 

Denver, Colo. 

Cincinnati, Ohio 


Philadelphia, Pa. 
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SCIENTIFIC NOTES 


\n Empidid Fly Predaceous on Citrus 
Red Mites 


C. A. FLEscHNER AND D. W. RickER 


Rather large numbers of a tiny fly belonging to 
the family Empididae frequently have been observed 
on citrus trees in southern California. Close ob- 
servation of these flies in the field and insectary have 
recently disclosed that they prey upon the citrus 
red mite Metatetranychus citri (Mc. G.). Specimens 
of this fly submitted to A. L. Melander for identi- 
fication were determined by him as Drapetis micro- 
pyga Mel. According to Melander, D. micropyga has 
also been collected at Pullman, Washington, and 
Washington, D.C. 

The complete life history of Drapetis micropyga is, 
at present, unknown. Clausen (1940), however, 
states that the adult flies of the family Empididae 
are all predaceous upon other insects of small size 
and the larvae are either predaceous or scavengerous. 

Concerning another member of the family Empi- 
didae, Whitfield (1925) reports that Tachydromia 
minuta Meigen completely controlled an infestation 
of the leaf miner, Phytomyza aconiti Hendel on 
delphiniums. In this case the predaceous flies fed on 
the adults of the leaf miners. This information along 
with the present note indicates that species of the 
family Empididae may play a more important role 
in the biological control of pests than has previously 
been realized. 

Since observations indicate that under certain 
conditions Drapetis micropyga Mel. may serve to de- 
press field populations of the citrus red mite, its life 
history and habits will be studied in the insectary 
of the Division of Biological Control, University of 
California, Citrus Experiment Station, Riverside. 
Information gained from these studies will, no doubt, 
give some insight into the factors affecting field 
populations of the species. 
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Oviposition by House Flies* 


Frep W. Knipe? aud Hupert Frines, Pennsylvania 
State College, State College, Pa. 


Che ovipositor of the female house fly, Musca 
domestica, is surprisingly long in relation to the size 
of the fly. It occurred to us that this might enable 
the fly to oviposit on larval media through small 
crevices without having other than the ovipositor in 
contact with them. With this in mind, we have de- 
termined the distance to which a female house fly 
will extend the ovipositor to place the eggs. 

lhe adult house flies used in these tests were 
housed in cubical cages (30 em. on a side) made of 
ordinary fly screening (6 meshes/cm.) where they 
Were given water, sucrose and milk ad lib. Oviposi- 
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tion was induced by placing a petri dish full of the 
larval medium (fermenting dog biscuit or mouse- 
diet) either directly beneath or on top of the cage. 
Under these conditions the flies oviposited very well 
through the screening of the cage. Once the flies were 
ovipositing the experimental procedures were insti- 
tuted. 

The first tests were made to determine the maxi- 
mum distance to which the flies would reach to ovi- 
posit if the medium were beneath the cage. Rela- 
tively freshly prepared (less than 24 hours old) fer- 
menting dog biscuit or mouse-diet was used, be- 
cause this seemed to be more attractive than older 
material. This was placed in a petri dish (10 em. 
diam.) and carefully made level with the top of the 
dish. Glass micro slides were placed on the edge of 
the dish to raise the screening floor of the cage above 
the surface of the medium. The distance between the 
bottom of the cage and the surface of the medium 
was increased on successive days by the addition of 
one micro slide each day. Two other empty petri 
dishes with the same number of micro slides as the 
dish containing the medium were also placed under 
the cage to support it evenly. The whole set-up was 
carefully shielded to prevent oviposition by any 
stray flies that chanced to invade the laboratory. 
Under these conditions oviposition, with the eggs in 
clusters, was obtained with distances up to 12 mm. 
between the bottom of the cage and the surface of 
the medium. With distances greater than 12 mm. 
oviposition still occurred, but in most cases the eggs 
were scattered on the surface rather than placed in 
clusters. One egg cluster was obtained at a distance 
of 15 mm. and a small cluster in one trial at 25 mm 

In view of this last result, it seemed of interest to 
see whether female flies would drop eggs without 
having the ovipositor in contact with the medium. 
Females in a cage housing approximately 1000 flies 
were induced to oviposit through the bottom of the 
cage by placing petri dishes of medium beneath it, at 
first in contact and afterward at gradually increasing 
distances. When the flies were ovipositing at a dis- 
tance of 10 mm., the oviposition medium was re- 
moved for 36 hours and the flies given during this 
time only milk as the liquid part of their diet. After 
this the cage was elevated 32 mm. above the top of 
the laboratory table. A petri dish (10 cm. diam.) full 
of medium was placed in the middle of the area (30 
by 30 cm.) under the cage with the surface of the 
medium about 25 mm. below the cage floor. Twenty- 
four hours later there were on the surface of the 
medium many single eggs and one egg cluster. On the 
desk, however, were several hundred single eggs 
which had been dropped by the flies. It is obvious, 
therefore, that female house flies will drop eggs when 
stimulated by the presence (probably the odor) of 
the larval medium. This was further confirmed by 
our finding at one time during the past summer an 
egg cluster on the wire mesh cover of a jar in which 
larvae were being reared. This was apparently laid 
there by a stray fly which had entered the laboratory 
from outside. 

It was thus obvious that records obtained with the 


1 Authorized for publication on September 24, 1952, as Paper 
No. 1761 in the Journal Series of The Pennsylvania Agricultural 
Experiment Station. 

2 On study leave from The Rockefeller Foundation, Division 
of Medicine and Public Health. 
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medium beneath the cage were open to serious ob- 
jection as far as indicating the distance to which a 
female would reach with the ovipositor. The next 
tests were therefore run with the oviposition medium 
in a petri dish inverted on top of the cage. In this 
case, the medium was held in the dish by a screening 
cover. The flies had to extend the ovipositor through 
two thicknesses of screening as well as through the 
distance between the top of the cage and the petri 
dish. The dish containing the medium was carefully 
shielded to prevent oviposition by stray flies outside 
the cage. The flies oviposited just as well with the 
material on top of the cage when it was in contact 
as they did when it was beneath. In fact preliminary 
observations suggested that they laid more eggs 
when the medium was on top than when it was be- 
neath the cage. When oviposition was progressing 
normally, the distance between the surface of the 
oviposition medium and the top of the cage was in- 
creased by placing micro slides beneath the dish. 
Under these conditions oviposition was obtained 
many times at distances up to 11 mm. While fewer 
eggs were laid with separations of more than 6 mm., 
some oviposition did occur and the eggs were in well 
formed clusters. Since there were two thicknesses of 
screening present, it seems fair to conclude that the 
female house fly can reach up to 12 mm. with the 
ovipositor. 

These results show clearly that house flies will 
oviposit through small crevices and can reach up to 
12 mm. to place the eggs with the ovipositor. It is 
obvious also that these flies will drop eggs when in 
the presence of larval rearing media. In any experi- 
ments using pure breeding stocks of house flies, 
therefore, free flies in the laboratory must be avoided 
or accidental contamination of cultures by any that 
might gain entrance must be prevented. 


Natural Gas as a Blowfly Attractant 


Russewu E. Stver.y, Federal Security Agency, 
Public Health Service, Phoenix, Arizona 


During the course of surveillance in connection 
with (local and federally sponsored) fly control pro- 
grams in Arizona, field workers observed that 
certain species of muscoid flies were attracted to 
natural gas.'! These observations extended over the 
period from 1949 to 1952 and are reported here in 
summary form. 

An ornamental hedge in a residential yard, a 
small board lying on the ground in an open lot, and a 
recently laid cement curbing were noted as unusual 
foci of blowfly attractivity. In each case, the odor of 
escaping gas was detectable. Usually, dead flies also 
were in evidence. One such examination revealed 
several hundred dead blowflies in the loose earth 
about 2 feet above a gas leak. Of 75 flies collected, 
42 were Phaenicia sericata, 29 Phormia regina and 4 
Eucalliphora lilaea. All specimens were females, and 
some apparently had died during the process of ovi- 
position. Numerous eggs were scattered throughout 
the loose earth above the gas line. 

While few flies, if any, of the family Muscidae 
have been observed around gas leaks, species of 
Sarcophaga and Callitroga appear to be attracted to 
such sites. In one instance, gas company workers 
were able to determine the exact location of a leak by 
the concentrations of Callitroga spp. which occurred 
in one corner of an excavation. A number of these 
biowflies were killed by the escaping gas. In no in- 
stances have blow-fly concentrations been observed 
at such sites after the repair of the gas line. 
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Such incidents as the foregoing have been noi 
in Texas as well as in Arizona. A linewalker servic 
the area south of San Antonio reported “‘a heap) 
mound of green flies near a gas leak, the mass be 
more than a foot deep in places and more than fo: 
feet wide.” 

The natural gas utilized in the Phoenix area 
piped in from a Permian basin in west Texas ai) 
New Mexico. A recent analysis of this gas content j 
as follows: 

Nitrogen 2.46% 
Methane 88.02 
Ethane 6.38 
Propane 2.41 
Iso butane 0.20 
Normal butane 0.43 
Iso pentane 0.10 


100.00% 


Hydrogen sulfide—trace (not in excess of 0.56 

grains/100 cu. ft.) 

Butyl mercaptan—trace (not in excess of 0.25 

grains. 100 cu. ft.) 

Hydrogen sulfide is a natural constituent in the 
gas at the origin of one branch line. Gas containing 
this compound is called sour gas. Since HS is lacking 
at the origin of the other branch, butyl mercaptan is 
added as a warning agent for the benefit of users on 
that particular line. The two lines merge before they 
reach Phoenix; therefore, the gas used in the Phoenix 
area is actually a mixture of sour gas and sweet gas. 
This accounts for traces of both H.S and butyl] mer- 
captan being present. 

These trace compounds in the natural gas may be 
primarily responsible for the attraction of blowflies. 
Perhaps the best explanation of this phenomenon 
lies in the fact that blowflies normally oviposit on 
meat or other products which liberate small amounts 
of hydrogen sulfide and volatile mercaptans during 
decomposition of proteins.’ According to Cragg and 
Ramage (1945), 0.002 per cent ethyl mercaptan in 
conjunction with 0.1 per cent ammonium carbonate 
was sufficient to induce oviposition by Phaenicia 
sericata on sheep. These workers state that the mer- 
captan concentration could be reduced to 0.001 per 
cent providing 0.0001 per cent hydrogen sulfide was 
present. Dethier (1947) states that P. sericata is at- 
tracted to mercaptan products and _ sulfide com- 
pounds, hydrogen sulfide included. 

Conciusions.—Three instances of blowfly at- 
traction to gas leaks are reported. Predominance of 
females at these gas leaks and presence of eggs in the 
debris suggest that certain constituents (probably 
H.S and butyl mercaptan) of natural gas serve as 
ovipositional attractants. 


LITERATURE CITED 
Cragg, J. B., and G. R. Ramage. 1945. Chemo- 


tropic studies on the blowflies Lucilia 
sericata (Mg.) and Lucilia caesar (L.). 
Parasitology 36(3, 4): 168-75. 

Dethier, Vincent G. 1947. Chemical insect at- 
tractants and repellents. The Blakiston 
Company, Philadelphia. 
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the Oklahoma Publishing Company. 
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Heptachlor and Other Insecticides for 
Control of Cotton Pests 


S. L. Catnoun and E. W. Dunnam, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine! 


ileptachlor was first tested against cotton insects 
in the laboratory by the Bureau of Entomology and 
Plant Quarantine, in cooperation with cotton-grow- 
ing states, in 1947, when it was designated as com- 
pound E-3314. More recently the Bureau and co- 
operating states reported it as being effective against 
the boll weevil, Anthonomus grandis Boh., in labora- 
tory, cage, and field tests at dosages ranging from 
().25 to 0.75 pound per acre in either sprays or dusts.2 
Exceptionally high kill of boll weevils developing 
within cotton squares was reported. This report has 
been confirmed numerous times by the writers. 

\s a result of laboratory and cage tests against the 
adult boll weevil, a dosage of at least 0.5 pound per 
acre was first suggested for field trials. That dosage 
was used in the field in 1949 and 1950 by the writers, 
but appeared higher than necessary. It was therefore 
suggested to the manufacturer that dusts containing 
2.5, 3.5, and 5 per cent of heptachlor be formulated 
for trials each at approximately 10 pounds per acre 
in comparison with equivalent dosages of heptachlor 
iin emulsion sprays, and with some other insecticides 
generally recommended for boll weevil control. 

The experiments reported herein were conducted 
on land belonging or adjacent to the Delta Branch 
of the Mississippi Agricultural Experiment Station, 
at Stoneville, during the growing season of 1951 to 
determine the minimum dosage of heptachlor in both 
dusts and sprays required for the control of the boll 
weevil and to make observations on its effect on 
other pests under field conditions. 

Dusts were applied in the late afternoon or early 
morning with a high-clearance 4-row tractor machine 
at approximately 5-day intervals from July 12 to 


Table 1.—Effectiveness of heptachlor compared 
pests. 
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August 16. A total of seven applications were made. 
In addition to the three concentrations of heptachlor, 
aldrin, dieldrin, and impregnated BHC containing 
3 per cent of the gamma isomer were included for 
comparison. Since the bollworm, Heliothis armigera 
(Hbn.), was increasing in all plots, on August 4 and 
15, 10 per cent DDT dust was applied at 15.8 and 
16.4 pounds per acre, respectively. 

Emulsion sprays were applied, usually between 1 
and 5 p.m., with a 4-row tractor spray unit at the 
rate of 3 gallons per acre. Three No. 1G nozzles were 
used on each row and spaced so that excellent plant 
coverage was obtained. A total of 11 applications 
were made at 5- to 7-day intervals from July 11 to 
September 4. Heptachlor in sprays was compared 
with aldrin, dieldrin, and chlordane in sprays. DDT 
at 0.5 pound per acre was included in each applica- 
tion from August 2 to September 4 to control the 
bollworm. 

For each experiment there were four randomized 
plots and a single untreated check plot ranging in 
size from 0.25 to 0.33 acre. Infestation records of the 
boll weevil and bollworm were taken six times on 
100 squares, and bollworm eggs five times on 100 
terminal buds. The aphid and spider mite popula- 
tions were counted three times on 1 square inch on 
the underside of the fourth leaf from the top of 100 
plants. 

Yield data were obtained on 0.02 acre in each plot. 
Because of unfavorable weather, yields were gener- 
ally much below normal for this area. The cotton in 
each experiment was grown on a heavy Sharkey clay 
soil, and was planted on different dates in the spring 
and matured on different dates in the fall. 


1In cooperation with the Delta Branch of the Mississippi 
Agricultural Experiment Station. Acknowledgement is made to 
J. E. Roberts, G. R. Abraham, M. V. Courtney, and R. E. Furr 
for assistance in carrying out the tests. 

2 Conference reports on cotton-insect research and control, 
1947-50, issued by the U. S. Bureau of Entomology and Plant 
Quarantine in cooperation with 13 cotton-growing States. 
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Bo.LL- 
DosaGE INFESTATION IN WORM SprpER YIELD OF 

oF Toxi- SQUARES Ecos Damace! Apnuips Mires SEED 

CANT —_—_—__—_——_————— pER 100 BY PER SQ. PER SQ. CorTron 
PER Boll Boll- Trrmimnat Bout- Incnuor_ Incu or PER 

TREATMENT ACRE Weevil worms Bubs WORMS LEAF LEAF ACRE 

pounds per cent percent number percent number number pounds 

Dusts: 
Check (untreated) — 39.2 5.4 9.2 11.2 PY y 0.36 300 
Aldrin 2.5% 0.16 7.5 4.9 3.8 10.2 2.00 1.20 770 
Dieldrin 1.5% 13 7.2 3.9 8.8 8.6 1.81 1.30 735 
Impregnated GHC, — .29 4.4 4.1 5.4 8.8 1.98 2.08 690 
gamma 3% 
Heptachlor 2.5% 26 5.0 4.1 6.0 8.6 2.18 1.90 775 
3.5% 33 2.8 3.9 4.8 8.2 2.28 1.37 720 
5.0% 40 4.2 4.4 728 9.4 2.26 1.85 700 
Sprays: 

Check (untreated) a 58.§ 4.8 7 21.5 1.62 0.29 630 
Aldrin .25 4.8 2.§ 6.8 4.4 4.28 35 1030 
Dieldrin 15 4.9 2.3 6.3 3.5 3.75 62 1035 
Heptachlor 25 3.8 2.4 6.0 +.1 4.76 56 960 
35 $3. 2.5 8.2 3.2 4.92 43 895 
50 3.4 2.4 7.0 $.2 4.50 50 1060 
Chlordane 1.0 3.3 2.1 7.3 5.6 4.36 .38 1005 
















(damage to buds in dust experiment and to bolls in spray experiment. 
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On July 11 and 12, when the applications were 
begun, the boll weevil infestations throughout all 
plots were as nearly alike as is usually true under 
field conditions. From 23 to 28 per cent of the 
squares were punctured in the dust experiment and 
from 23 to 29 per cent in the spray experiment. 
Practically no square infestation by the bollworm 
was recorded at this time. 

Control of the boll weevil was excellent with all 
insecticides tested. There was no significant differ- 
ence between the three dosages of heptachlor 
(Table 1) or between dusts and sprays. Both boll 
weevil and bollworm caused excessive injury in 
the check plots, and the reduction in yields in the 
two plots were approximately the same. Any differ- 
ence in yield between treatments was due to soil 
variations and moisture levels and not to a difference 
in insect control. 

Toward the end of the season aphids became 
fairly numerous where the spray was applied, prob- 
ably as a result of the prolonged use of DDT for boll- 
worm control. However, control measures were not 
required. In the spray experiment the infestation of 
spider mites was much lower than that of aphids, 
whereas in the dust experiment the infestations were 
approximately equal. 

SummMary.—T'wo field experiments were con- 
ducted at Stoneville, Miss., to determine minimum 
dosages of heptachlor required for the control of the 
boll weevil, Anthonomus grandis Boh., and its effect 
on other cotton pests. Tractor equipment was 
utilized to apply dusts and sprays. Dusts containing 
2.5, 3.5, and 5.0 per cent of heptachlor were com- 
pared with each other and also with dusts containing 
2.5 per cent of aldrin, 1.5 per cent of dieldrin, and 
impregnated BHC containing 3 per cent of the 
gamma isomer. There was no significant difference 
in boll weevil control obtained between concentra- 
tions of heptachlor or between heptachlor and any of 
the other insecticides. To control the bollworm 10 
per cent DDT dust was applied in two separate ap- 
plications. 

Emulsion sprays containing heptachlor gave boll 
weevil control similar to that obtained with dusts in 
equivalent dosages and equal to that of aldrin and 
dieldrin. Control with BHC dusts and chlordane 
sprays was about the same. DDT at the rate of 0.5 
pound per acre was included in each treatment from 
August 2 to September 4 for control of the bollworm. 
Apparently heptachlor had very little effect on in- 
festations of the cotton aphid and spider mites. 

It is concluded from these experiments, and from 
other observations and tests made in 1949 and 1950, 
that heptachlor at 0.25 pound per acre in either dust 
or spray is sufficient for control of the boll weevil 
under the conditions existing at Stoneville, Miss. 


Chlorinated Polyphenyls to Improve 
Lindane Residues 


W. N. Sutiivan and Irwin Hornster, U.S.D.A. 
Agr. Res. Adm., Bureau of Entomology and 
Plant Quarantine 


The use of lindane as a pesticidal residue is well 
established. On some surfaces the residue is unsightly 
and it generally dissipates within a few weeks, owing 
to the relatively high vapor pressure of lindane 
(9.4X10°° mm, Hg. at 20° C.). Studies were there- 
fore initiated to improve both the appearance and 
persistence of lindane residues, 
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Previous work by Block (1948) and Lindquist e¢ a/ 
(1945) proved that DDT can be incorporated int: 
resins and paints. We chose to blend lindane with ; 
chlorinated polyphenyl for the following reasons 
(1) Chlorinated polyphenyls are obtainable as high 
molecular-weight, noncrystallizing, film-forming ma 
terials. (2) Since both these materials are chlorinated 
hydrocarbons, it was expected that lindane would bx 
soluble in the polyphenyl and therefore would show 
no tendency to crystallize out of such films. (3) Th« 
vapor pressure of such mixtures is lower than that o! 
lindane alone, and thus the effective life of lindan 
would be extended. (4) Chlorinated polyphenyls 
would not be expected to discolor or change their 
physical characteristics with time. Paints and poly- 
merizable films such as urea formaldehyde may 
change in time. Paints may forma hard skin impervi 
ous to lindane diffusion, and polymerizable ma- 
terials, in addition to discoloring, may continue to 
polymerize and eventually cause the lindane to crys- 
tallize out of the film. 

Chlorinated polyphenyls are inexpensive, non 
oxidizing, of low volatility, noncorrosive to metals, 
and resistant to fire and water. They are available 
under the trademark Aroclor. 

MarerIALs AND Metuops.—Because of good pre- 
liminary results, the chlorinated polypheny] used in 
these tests was an isomeric terphenyl! (ortho, meta, 
and para mixture) containing about 60 per cent of 
chlorine by weight and commercially available as 
Aroclor 5460. It forms a yellow transparent resin 
with a very low vapor pressure. 

Carbon tetrachloride solutions of lindane and the 
chlorinated polyphenyl, separately and_ together, 
were prepared in several concentrations. The test 
solutions were poured on aluminum and masonite 
panels each 1 square foot. The spreading properties 
of the solutions were excellent. The carbon tetra- 
chloride soon evaporated, leaving the lindane as a 
white deposit, the mixture as a clear residue that 
was tenacious and slightly tacky, and the chlorinated 
polyphenyl as a hard, transparent residue. The 
panels were placed in a horizontal position and held 
at summer room temperature (70°-100° F.) for 3 
months. 

Large nymph and adult roaches, Periplaneta 
americana (L.), were used as test insects. After 2, 
10, 30, 60, and 90 days, 15 roaches were confined for 
2 hours under each of two petri dishes inverted over 
each test panel. The roaches were thus exposed to 
the contact and fumigation action of the residues on 
the test panel. They were then transferred to obser- 
vation cages and held for 4 days. 

Resutts.—The results of the tests are given in 
table 1. 

The effective life of a lindane residue, as measured 
by a 50 per cent or better kill of roaches on an alumi- 
num surface, is shown to be dependent on the 
amount of lindane used. Lindane residues of 50, 100, 
and 200 mg. per square foot were effective under 
summer conditions for less than 15, 30, and 60 days, 
respectively. ‘Phese were the periods during which 
the white deposit was visible. 

The effective period was greatly increased when 
lindane was mixed with the chlorinated polypheny]. 
A 66 per cent kill was obtained when the roaches 
were exposed to 80-day-old residues containing 50 
mg. of lindane plus 200 mg. of chlorinated poly 


1 The Aroclors, physical and chemical properties and suggested 
applications. Application Data Bulletin No. P-115, Monsant 
Chemical Co., St. Louis, Mo. 
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Table 1.—Per cent mortality of roaches exposed to lindane and lindane-chlorinated-polyphenyl 





residues of different ages on aluminum and masonite surfaces. 





DosaGcE (Ma./Sa. Fr.) 


ALUMINUM SURFACE 


MASONITE SURFACE 





Chlori- 


Days 


Days 





nated 


Lindane Polyphenyl Q 30 


30 





50 0 100 9 
100 0 100 36 
200 0 100 78 
50 200 86 { 78 
100 200 94 j 76 
200 200 98 
200 400 95 79 
0 200 0 0 





phenyl per square foot. Residues from 100 mg. of 
lindane plus 200 mg. of chlorinated polypheny per 
square foot increased the kill to 80 per cent, and 
residues from 200 mg. of lindane plus 200 mg. of 
chlorinated polyphenyl increased the kill to 99 per 
cent. The residues remained transparent, tenacious, 
and only very slightly tacky. Both lindane and lin- 
dane-chlorinated-polypheny] residues were much less 
effective on the porous masonite surfaces. Residues 
of the chlorinated polyphenyl alone on aluminum 
surfaces caused no mortality. 

Discusston.—These tests showed that the per- 
sistence of lindane as a residue was greatly improved 
by incorporation into a film of chlorinated poly- 
phenyl. The lindane in the main body of the film 
remained in solution and acted as a reservoir. As the 
lindane evaporated from the surface it was continu- 
ally renewed by a study diffusion of lindane to this 
surface. Because the lindane remained in solution, 
there was no white powdery deposit, which often 
mars treated surfaces. 

The excellent spreading properties of the solutions 
and the inertness and tenacity of the films suggest 
further uses in the field of entomology, and they are 
being investigated. 

LITERATURE CITED 
Block, S. S. 1948. Insecticidal surface coatings. 
Soap and Sanit. Chem. 24(2): 138-41, 171. 
Lindquist, A. W., A. H. Madden, H. G. Wilson, 
and E. F. Knipling 1945. DDT as a re- 
sidual-type treatment for control of house- 
flies. Jour. Econ. Ent. 38: 257-61. 


Incidence of Forage Crop Pests in 
Massachusetts and Seasonal History of 
the Meadow Spittlebug' 


F. R. Suaw, A. I. Bourne and W. Boyp 


During the past season we began some work on the 
forage crop pests of Massachusetts. Since no records 
were available of the species of the insects or of their 
seasonal distribution, our first effort was to attempt 
a survey of the pests of these crops. In making the 
survey, some fields of alfalfa and clover in the 
Amherst, Hadley and Northampton area of the 
Connecticut Valley were examined at frequent inter- 
vals over a period of about 10 weeks. In addition, 
some other information was obtained from incidental 
observations in Worcester and Berkshire Counties. 


Our first observations in the Connecticut Valley 
were made on May 5. Pea aphis, Macrosiphum pisi 
Kalt. proved to be the most abundant species of 
insect. However there was a high incidence of 
parasitism and predatism and damage was not too 
serious. Tarnished plant bugs and leafhoppers were 
common. In only a single field did we find any spittle- 
bugs, these were small nymphs. 

From May 18 to 22 we made surveys of the insects 
in both the Connecticut Valley and Worcester 
County. The insect fauna had increased both in 
numbers of species and individuals. Pea aphis were 
very abundant. Spittlebugs, the meadow plant bug 
and Lygus bugs were common. In some fields a con- 
siderable amount of leaf feeding had occurred. Lar- 
vae of the clover leaf weevil were abundant, however, 
many had been killed by a fungus. Adults of two 
clover root weevils were fairly common. A number of 
lepidopterous larvae were found and were identified 
as Euxoa sp. 

On June 3 we made another examination of clover 
and alfalfa fields in the Connecticut Valley area. At 
this time some of the fields were being cut. Spittle- 
bug nymphs were plentiful in all fields but varied 
somewhat in abundance. The meadow plant bug was 
abundant in most fields but most numerous in those 
having a relatively large proportion of grass to 
alfalfa. A few membracids, Stictocephala, probably 


festina, were observed feeding on both red clover and 


alfalfa. Adults of the clover seed chalcid, the clover 
head caterpillar and the clover seed midge were 
found on the flower heads of red clover. 

On June 5 some quantitative studies were made of 
the abundance of spittlebugs. The data are pre- 
sented below. 





INSECTS 
PER Mass 


MASSES OF 
SPITTLE 


PLANTS 
EXAMINED 


FIELD 


# 40 16 —< 
75 16 —% 
70 80! - 
20 52 





1 Eight on one plant. 


In order to obtain the actual number of spittle 
masses and insects in a given area, the number of 
masses and the spittlebugs per mass were counted in 
two plots 2.5 feet square. In plot one we had 121 


1 Contribution from Entomology Department, University of 
Massachusetts. 
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spittle masses and 176 bugs. In plot two we found 96 
masses and 132 insects. Additional counts indicate 
that on the average we can expect to find from 1 to 3 
nymphs per mass. 

The next survey was made on June 11. Most of the 
alfalfa had been cut. Uncut fields were beginning to 
bloom. We observed occasional masses of spittle on 
the stubble close to the ground so that apparently 
some of the nymphs do form spittle masses again 
after the alfalfa has been cut. We caught a few re- 
cently moulted adult spittlebugs. The 4 lined plant 
bug was found causing damage to red clover. Mem- 
bracids were very common on alfalfa and red clover. 
A few specimens of the weevil Aphrastus taeniatus 
Say were taken in sweepings together with a cut- 
worm Orthosia hibisci Gn. 

On June 18, we again examined the clover and al- 
falfa fields in the Connecticut Valley area. At this 
time 70 per cent of all the spittlebugs collected were 


Table 1.—Insects causing injury in fields of 
clover and alfalfa. 








Coleoptera 
Clover leaf weevil 
Hypera punctata Fabr. 
Clover root curculios 
Sitona hispidula 
Sitona scissifrons Say 
Lesser clover leaf weevil 
Hypera nigrirostris (Fabr.) 
Japanese Beetle 
Popillia japonica Newm. 
Aphrastus taeniatus Say. 
Pachystethus sp. 
Hempitera 
Tarnished plant bug 
Lygus oblineatus (Say) 
Lygus bugs 
Lygus spp. 
Meadow plant bug 
Miris dolobratus L. 
Four-lined plant bug 
Poecilocapsus lineatus (Fabr.) 
Homoptera 
Pea aphis 
Macrosiphum pisi Kalt. 
Anuraphis sp. 
Stictocephala festina? 
Stenocranus unipuncta (Prov.) 
Clover leafhopper 
Aceratogallia sanguinolenta (Prov.) 
Potato leafhopper 
Empoasca fabae (Harris) 
Lepidoptera 
Cutworms 
Orthosia hibisci Gn. 
Euxoa sp. 
Clover head caterpillar 
Grapholitha interstincta (Clem.) 
Zebra caterpillar 
Ceramica picta Harr. 
Diptera 
Clover midge 
Dasyneura leguminicola Lint. 
Hymenoptera 
Clover seed chalcid 
Bruchophagus gibbus Boh. 
Orthoptera 
Many species of grasshoppers observed but little 
serious damage was noted. 
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adults. Hence in 1952, the immature stages of these 
insects were completed in about one month. We also 
noted a migration from a mature field of uncut al- 
falfa to a newly seeded piece nearby. Counts clearly 
showed much higher populations in the newly 
seeded piece adjacent to the mature alfalfa. Counts 
taken from the center of the newly seeded picce 
showed about 33 per cent as many spittlebugs. On 
the far side only 8 per cent as many spittlebugs were 
caught as in the area near the mature alfalfa. 

In addition to the insects already reported, we 
found that leafhoppers were becoming more abun- 
dant. Two species were abundant, the clover leaf- 
hopper and the potato leafhopper. The latter 
caused serious damage later in the season according 
to reports from other observers. One Fulgorid, 
Stenocranus probably unipuncta (Prov.) was fairly 
numerous. 

Our final survey of forage crop pests in the Con- 
necticut Valley Area was on July 8. Only the adult 
stages of spittlebugs were seen. Tarnished plant bugs 
seemed to be the predominant insect species in most 
fields although leafhoppers were abundant in many 
fields. Japanese beetles and Pachystethus sp. were 
common. Grasshoppers were noticeable but did 
net occur in sufficient numbers to cause serious 
damage. However, a report from Berkshire County 
indicated considerable damage during mid-season. 

One of the authors made extensive collections of 
forage crop pests from New England throughout the 
entire season. Since we have not had sufficient time 
to examine all of his material, we will have to include 
his records in a final report on the distribution of 
these pests in New England. 

Our findings are summarized in table 1.) 


Value of Insecticides for Protection of 


Pine Pulpwood 


L. A. Herrick and P. J. Moses, University of 
Florida, Gainesville 


During the spring of 1952 the writers conducted a 
series of replicated tests to determine the value of a 
number of insecticides for the protection of pine 
pulpwood. Insects concerned were mainly bark 
beetles (Family Seolytidae, Genus Ips) and sawyers 
(Family Cerambycidae). 

Pine trees were cut into pulpwood lengths on the 
Austin Cary Forest of the University of Florida, 
School of Forestry. This forest is located 12 miles 
northeast of Gainesville. Trees of loblolly pine 
(Pinus taeda L.), slash pine (P. caribaea Morelet), 
and longleaf pine (P. palustris Mill.) were felled and 
the wood was mixed indiscriminately in the tests. 
The freshly cut wood was stacked, in piles of approx- 
imately 120 cubic feet each, near a railroad siding 
adjacent to the forest. 

Insecticides included in the tests were aldrin, ben- 
zene hexachloride, chlordane, dieldrin, endrin, iso- 
drin, heptachlor, toxaphene, and a 50-50 mixture of 
benzene hexachloride and toxaphene. All insecti- 
cides were formulated as emulsion concentrates and 
diluted with water to 0.5 per cent of the insecti- 
cidally active ingredients. 

The wood was sprayed within a few hours after 
feeling and stacking and before insect attack had 

_1 We express our appreciation to Mr. C. F, W. Muesebeck and 
his staff of the Division of Insect Identification, U. $. Bur. Ent. 
& Plant Quar. for their assistance in identifying many of the 
insects, 
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started. An Indian forest fire back pump equipped 
with a “Mohawk” adjustable nozzle was used to 
apply the diluted insecticide. Three gallons of the 
diluted emulsion was used to cover each of the piles 
of wood. A diluted insecticide was first applied to the 
sides and top of a pile of wood. The remainder of the 
diluted spray was then directed into the openings 
between sticks on the ends of a pile. Three gallons of 
a diluted insecticide adequately covered approxi- 
mately 120 cubic feet of pine wood. With pulpwood 
sticks of an average diameter of 7.7 inches, one gal- 
lon of spray would treat approximately 25 sticks of 
pulpwood 5 feet in length. Approximately 0.4 gallon 
of the diluted emulsion was needed to cover 100 
square feet of bark surface. 

Four replicated treatments with each insecticide 
were made. Four piles of wood were left untreated 
as controls and these were randomly distributed 
among the treated piles. 

Four weeks after treatment an evaluation of ef- 
fectiveness was made, Five sticks of wood were 
randomly selected from each pile. These sticks were 
examined exteriorly for evidence of insect entry or 
oviposition. Diameters of the randomly selected 
sticks were determined and the square feet of bark 
area was computed. Bark was then removed from 
the sticks to determine the number of adult bark 
beetles entering and the number of Cerambycid 
larvae present in the spongy inner bark tissues. The 
number of insect entries per square foot of bark area 
is recorded in table 1. 


Table 1.—Evaluation 4 weeks after application 
of 0.5 per cent emulsions to uninfested pine bark. 
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Chlordane 9 
Dieldrin .0 
Endrin a 
Heptachlor 07 
Isodrin 5 
Toxaphene 1.4 
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Controls 10+ 10+ 10+ 10+ 
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All of the insecticides provided some protection to 
the freshly cut pine wood. Dead adults of sawyers 
and bark beetles were noted in all of the piles of 
treated wood. The chemicals were also highly toxic 
to predaceous and parasitic insects. Many dead 
adults of the predaceous Ostomid, Temnochila 
virescens (F.), were observed. 

Benzene hexachloride was superior to other chemi- 
cals tested and provided excellent protection. Al- 
though chlordane and toxaphene killed some of the 
attacking insects, they failed to protect the wood 
from infestation. Other chemicals were of intermedi- 
ate value as indicated in the table. 
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Bathyplectes curculionis as a Parasite 
of Hypera brunneipennis 


RoBerT VAN DEN Boscu,! Department of Biological 
Control, University of California Citrus Experiment 
Station, Riverside, California 


The immigrant African curculionid, Hypera 
brunneipennis (Boh.), was first discovered in the 
United States at Yuma, Arizona, in April, 1939 
(Wehrle 1939). Despite efforts to eradicate it, H. 
brunneipennis succeeded in spreading to California, 
reaching the Imperial and Coachella Valleys in 1949 
(Armitage 1949). A year later it was discovered at 
San Marcos in coastal San Diego County (Armitage 
1950) and has now become well distributed over this 
area. 

Although Hypera brunneipennis spread rapidly in 
the great alfalfa producing Imperial Valley, it did 
not develop immediately as a pest and was eventu- 
ally thought to pose little threat to this crop, seem- 
ingly preferring wild clovers. In recent years, how- 
ever, the weevil has caused damage to alfalfa and the 
seriousness of the damage appears to be increasing. 
During the past season heavy infestations existed in 
a considerable acreage causing some growers to resort 
to control measures. 

On March 25, 1952, during a survey of //ypera 
brunneipennis infestations in San Diego County, 
Bathyplectes cocoons and adults were found associ- 
ated with the weevil on wild clover at Pt. Loma. 
Subsequently, additional Bathyplectes were reared 
from H. brunneipennis collected at the Pt. Loma site 
and several other localities in San Diego County. 

A summary of the data obtained from these col- 
lections is presented in table 1. Parasite specimens 
submitted to the Division of Insect Detection and 
Identification, Bureau of Entomology, have been 
identified as Bathyplectes curculionis (Thoms.) by 
Miss Luella M. Walkley, C. F. W. Muesebeck in cor- 
respondence mentions a previous record of B. cur- 
culionis from Hypera brunneipennis collected by R. 
D. Algert at Chula Vista, San Diego County, on 
April 8, 1950. 

Bathyplectes curculionis is a European species 
widely established in the western United States on 
the alfalfa weevil Hypera postica Gyll. It was intro- 
duced into California in 1933 and 1934 by the 
United States Department of Agriculture Bureau of 
Entomology and Plant Quarantine and has been 
credited with the control of H. postica in the central 
coast area. (Michelbacher 1940, 1943.) 

The recovery of Bathyplectes curculionis from 
Iypera brunneipennis is somewhat surprising since 
this weevil is restricted to extreme southern Cali- 
fornia while H. postica occurs only in central and 
northern California. B. curculionis cocoons could 
possibly have been carried into southern California 
on baled alfalfa hay transported from the northern 
part of the state. The possibility that the parasite 
might have spread into southern California on the 
ubiquitous clover leaf weevil, H. punctata (Fabr.) 
seems somewhat remote since this latter species has 
never been recorded as a host of B. curculionis. 

The data obtained so far show that Bathyplectes 
curculionis is well adapted to Hypera brunneipennis 
and that it is widespread in coastal San Diego 
County. The parasite has not been recovered from 
H. brunneipennis collected in the Imperial Valley 
and is not believed to be established there. 

Because of the encouraging situation in San Diego 


1 Assistant Entomologist, Agricultural Experiment Station. 
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Table 1.—Parasitization of Hypera brunneipennis by Bathyplectes curculionis at several localities 














SPECIMENS REARED OF 


Per Cent 


Bathy- PARASITI- 

Locality DATE Srace or Host Weevils plectes Total ZATION 
Pt. Loma 4/1/52 (clover) Cocoons 42 4 46 o.7 
Pt. Loma 4/1/52 (clover) Large larvae 100 43 143 30.7 
Vista 4/1/52 (alfalfa) Large larvae 64 0 64 0.0 
Vista 5/1/52 (alfalfa) Mixed larvae 60 38 98 38.8 
Escondido 3/25/52 (alfalfa) Mixed larvae 307 10 317 3.2 
Escondido 3/25/52 (clover) Mixed larvae 187 3 190 1.6 
Escondido 4/1/52 (clover) Large larvae 139 0 139 0.0 
Escondido 5/1/52 (clover) Large larvae 56 59 117 52.3 
San Luis Rey 5/6 & 13/52 (alfalfa) Mixed larvae 4 ‘i 11 63.3 











County, attempts will be made in the spring of 1953 

to effect establishment of Bathyplectes curculionis in 

the Imperial Valley, despite a previous failure at 

Yuma, Arizona (McDuffie 1945). 
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Aceria parthenii Keifer, A New 
Eriophyid Mite Injurious 
to Guayule 


W. H. Lanes, Jr., University of California, Davis' 


On July 10, 1952 my attention was called to an 
eriophyid mite causing damage to guayule, Par- 
thenium argentatum, growing in a greenhouse. The 
mite was subsequently named Aceria parthenii 
Keifer. 

In an unpublished survey of insects and arachnids 
associated with guayule in the Salinas Valley of 
California by Lange? six mites were found to infest 
this plant. Of these, only two species of mites belong- 
ing to the genus Tarsonemus were considered of 
possible economic importance, and the bud injury 
attributed to these mites was not clearly established. 
No eriophyids were found in this survey which in- 
cluded 270 species of insects, mites, and spiders. 








Aceria parthenii has not been found infesting 
guayule in the field at Salinas, and no known plant 
introductions from other areas to the Salinas green- 
houses have been made for a number of years. 

The mites live among the surface hairs on the 
leaves and stems, and among the leaf and flower 
buds. In addition, they occur in the flowers, par- 
ticularly the subtending bracts. Damage consists of 
severe distorting of individual leaves. A longitudinal 
inward rolling of the leaf edges so that the leaves 
appear greatly elongated or spindle-shaped is very 
characteristic of mite damage. The general effect of 
injury is a witches-broom effect not unlike 2-4-D 
damage or symptoms of a virus disease (Fig. 1). 





Keifer to 


parthenii 

guayule showing left, injured plant, right, non- 

infested plant with normal growth. The plants are of 
the same age and variety. 


Fig. 1.—Injury of Aceria 


The plant fails to branch properly and only a few 
flowers are produced. Inflorescences that are pro- 
duced become weak so seed is not set, and mite dam- 
age of this type interferes with hybridization studies 
with this plant as mites are likely to be transferred 
on flowers used as a pollen source. 

Damage was most noticeable on glabrous-leaved 
hybrids, and hybrids of both Parthenium argentatum 
and P. argentatum-P. stramonium were affected. 
Plants with an abundance of leaf hairs did not seem 


1 Dr. H. M. Tisdale, U.S.D.A., Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Salinas, has contributed his 
observations concerning this mite. 

2 Lange, W. H., Jr., 1942. List of insects and arachnids asso- 


ciated with guayule in the Salinas Valley of California during 
1942. 8 pp., mimeo, 
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to exhibit the same degree of leaf distortion. Because 
of the first occurrence of mites on certain clones in 
the greenhouse, it was suspected that infection came 
from the original grafts. On July 10, 1952, however, 
no mites were found on the parent plants. 

With the discovery of the mite in the greenhouse a 
number of chemicals were tried by Dr. Tysdale and 
Mr. Bardin to obtain immediate relief. It is interest- 
ing to note that this mite multiplied to great num- 
bers under conditions of regular parathion aerosol 
applications. A 10 per cent parathion solution in 
acetone was used at the rate of 70 ml. per 3500 cu. ft. 
and repeated every three weeks. This dosage was 
doubled with no effect on the mites. 

On July 10, 1952, an examination of plants re- 
ceiving different types of treatments indicated that 
dusting sulphur was very effective. Dusting three 
times at three-day intervals has subsequently been 
found to give very satisfactory control. Other ma- 
terials tried were a 7.5 per cent dust of p-chloro- 
phenyl p-chlorobenzenesulfonate,’ a 1-50 spray of 
liquid lime-sulphur, a 2 per cent summer oil emul- 
sion, and a one per cent tetraethyl pyrophosphate 
dust.‘ Of these latter materials lime sulphur gave the 
best control, but was more difficult to use than dust- 
ing sulphur, 
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3 Ovotran, Dow Chemical Company. 
4 Vapotone dust, California Spray-Chemical Corporation. 


Life Cycle of Lesser Apple Worm in 
Northeastern Oregon’ 


Karu E. Brown, Milton-Freewater Experimental 
Area, Hermiston, Oregon 


The lesser apple worm, Grapholitha prunivora 
(Walsh), is a major pest of stone fruits in the Milton- 
Freewater fruit-growing section of Oregon. The pres- 
ence of the larva of this pest in fruit, particularly 
prunes and cherries, at harvest time causes consider- 
able cullage and excess packing costs to growers in 
the area. Research on the biology of this pest me 
been carried on since 1949. During this four-ye 
period considerable information has been collited 
concerning the life cycle of tis pest in relation to 
the control practices being used and their failure to 
control this pest satisfactorily. Recommendations 
were to spray prune and cherry orchards the first 
part of May, followed by a second spray ten days 
after the first. The result was a so-called “pin-worm 
infestation” at harvest time in the prunes. 

pig! average annual temperature for the area is 
52.8° F. Temperatures ranging from an average of 
53.5 F during April, 60.1° F. during May, 67.1° F. 
during June, 74.5° F. during July, and 72.5° F. dur- 
ing August are normal, Maximum temperatures ex- 
ceeding 100° F. occur during July, with temperatures 
as low as —20° F. sometimes being reached during 
January and February. The average frost-free period 
for the area is 200 days. 

In carrying on the life cycle studies, bait traps 
were used to determine moth flights along with con- 
centrations of infested fruit placed on the ground 
underneath large 4 by 8 by 3-foot cheese-cloth cages. 
Laboratory and field studies of the egg, larval and 
pupal development were made, 
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The lesser apple worm overwinters as a ful] grown 
larva in the debris on the ground where it spins a 
cocoon prior to hibernation during the fall. During 
the early spring pupation requires from fourteen to 
eighteen days, depending upon weather conditions. 
Pupation takes place about the middle of April. The 
adult moths begin emerging the latter part of April 
or the first of May. The earliest emergence recorded 
in the four-year life cycle investigation of this pest 
was on April 28 and the latest emergence was on 
May 8. The flight of moths from overwintering lar- 
vae lasts from three to four weeks. These moths de- 
posit their eggs on the leaves of cherry or sometimes 
on the leaves of prunes if no cherries are available. 

In the area where severe infestation of the pest was 
noted, cherry and prune trees were orient inter- 
planted or small blocks of cherries and prunes were 
planted adjacent to each other. Observations of the 
deposition of eggs by moths in interplanted orchards 
showed a definite trend of moths to deposit eggs on 
cherry leaves during the first generation moth flight. 
The deposition of eggs by moths of the second gener- 
ation was definitely heavier on the prunes than it 
was on the cherries. The tendency of first generation 
moths to prefer cherries over prunes for the depo- 
sition of eggs was also found when bait traps con- 
taining dimalt bait were placed in cherry trees ad- 
jacent to blocks of prunes containing similar bait 
traps. Greater numbers of moths were caught in the 
same number of traps in the cherry trees even though 
the moths emerged from overwintering larvae in the 
blocks of prunes. 

Eggs laid by first generation moths hatched in 7 to 
12 days. Ten days is about average from deposition 
to hatching. The larvae immediately seek a small 
fruit to commence feeding. These larvae remain in 
the fruit from 18 to 24 days before dropping to the 
ground for pupation. This pupation period after the 
larvae drops from the fruit until they emerge as 
moths requires about fifteen to twenty days. Three 
or four days of this period is spent in the preparation 
of a cocoon and in the prepupal stadium. The length 
of time elapsed from emergence of moths from over- 
wintering larvae to the completion of the pupai stage 
varies from 47 to 57 days. 

The emergence of second generation moths usually 
occurs the latter part of June. This date varied from 
June 24 to July 3 during the investigation. This 
moth flight lasts from 28 to 38 days with an average 
of 35 days in the 4-year period. Deposition of eggs by 
this flight of moths on prunes usually was on the 
fruit, however, some eggs were found on the leaves. 
These eggs hatch in about five days. Upon hatching 
the larvae immediately enter the fruit. These larvae 
remain in the fruit from 18 to 24 days, the same 
length of time as the preceding generation. The first 
larvae to drop from the fruit spin cocoons and pu- 
pate, later coming out as third generation moths. 
This occurred three out of the four years that the in- 
vestigation was carried out. These partial third 
generation moth flights lasted from 12 to 29 days. 
This flight usually appears from 7 to 20 days after 
the second generation moth flight was ended. These 
moths deposit a few eggs but none have been found 
to develop into fully grown larvae for over-wintering. 
The remaining portion of second generation larvae 
dropping from the fruit during August spin cocoons 
and overwinter. 


1 Approved by the Director of the Oregon Agricultural Ex 
periment Station as technical paper number 762. 
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Control of Mosquitoes with DDT, 
Aldrin, Dieldrin, Endrin and 
Isodrin 


A. V. Mitrcuensr, The University of Manitoba, 
Winnipeg 


Mosquito control has been undertaken annually in 
Winnipeg, Manitoba and vicinity for the past 26 
years. DDT has been used in the control campaigns 
for the past five years. Although it kills larvae when 
sprayed on standing water and adults when applied 
with a fogging machine, it does not kill pupae. The 
result is that some adults escape from treated water 
if pupae are present when the ponds are sprayed and 
these may become troublesome between fogging ap- 
plications. The Department of Entomology at The 
University of Manitoba undertook some experi- 
ments in 1952 to compare the effectiveness of five 
insecticides when used at the rate of one part of each 
insecticide to one million parts of water on both 
larvae and pupae. 

Mareriais.—Live larvae in the last or near fast 
instar and pupae were obtained locally from ponds 
during the last half of June and the first half of July. 
Adult mosquitoes reared in limited numbers from 
these collections were identified as Aedes dorsalis 
(Mg.) but it is possible that other species of Aedes 
also were involved. Aldrin, dieldrin, endrin and 
isodrin were obtained from Julius Hyman and Co.! 

Mertuops.—The larvae and pupae were placed in 
one quart glass jars containing pond water and kept 
in a refrigerator at 40° F. until needed. The experi- 
ments were carried out in 2000 cc. beakers at a room 
temperature of approximately 72° F. Each insecti- 
cide used was in the form of an emulsifiable concen- 
trate. Each concentrate was diluted so that one part 
of each actual toxicant was mixed with 1000 parts 
water by weight. One thousand cc. of water were 
placed in each of six beakers for each experiment and 
then 25 larvae or pupae were placed in each 
beaker. The transfer to each beaker was made with a 
glass medicine dropper. One cc. of the one to one 
thousand mixture was then introduced into each 
beaker containing the 25 larvae or pupae and 
1000 cc. water. In some instances pond water 
strained through one thickness of cheesecloth and in 
other cases distilled water was used in the beakers 
containing larvae or pupae. Each experiment was 
replicated four times. Counts of dead and live larvae 
and pupae were made approximately 24 hours after 
administering each poison. 

Resutts AND Discussion.—The results of the ex- 
periments with larvae are shown in Table 1. At one 


Table 1.—Effects of different insecticides at a 
dilution of one part per million parts of water on 
mosquito larvae. 





24 Hours Arrer APPLICATION 





NUMBER 


OF Number Number Per 
Inspc- LARVAE Larvae Larvae Cent 
TICIDE Usep Dead Active Dead 
aldrin 100 100 0 100.0 
DDT 100 87 13 87.0 
dieldrin 99 99 0 100.0 
endrin 100 100 0 100.0 
isodrin 100 100 0 100.0 
check 151 23 128 15.2 
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Table 2.—Effects of different insecticides at a 
dilution of one part per million parts of water on 
mosquito pupae. 








24 Hours AFTER APPLICATION 








NumsBer Number Number Per 

InsEc- PuPAE Pupae _—— Pupae Cent 
TICIDE Usrep Dead = Active Dead 
aldrin 100 75 25 75.0 
DDT 100 6 94 6.0 
dieldrin 100 79 21 79.0 
endrin 100 95 5 95.0 
isodrin 99 78 21 78.8 
check 124 3 121 2.4 





part of actual toxicant to one million parts of water, 
aldrin, dieldrin, endrin and isodrin were completely 
effective while the mortality with DDT was 87 per 
cent. Table 2 shows that endrin was 95 per cent 
effective at one part toxicant to one million parts of 
water on pupae. Dieldrin, isodrin and aldrin were 
79.0, 78.8 and 75.0 per cent effective respectively on 
pupae while DDT was only 6.0 per cent effective. 
From this relatively small series of experiments it is 
evident that endrin especially shows promise of being 
an effective pupicide on the species tested. Isodrin, 
dieldrin and aldrin although less effective than en- 
drin were relatively toxic to pupae. The average 
mortality in the check was 2.4 per cent. 

Summary.—(1) Aldrin, dieldrin, endrin and iso- 
drin were more toxic to the larvae presumably of 
Aédes dorsalis (Mg.) than DDT when used at the 
rate of one p.p.m. of actual toxicant in water. 

(2) Endrin especially, and to a lesser extent, di- 
eldrin, isodrin and aldrin were toxic to mosquito 
pupae at the rate of one p.p.m. in water on the same 
species of mosquito, while DDT was relatively inef- 
fective. 

ACKNOWLEDGMENTS.—The author received financial assist- 
ance for this work on an equal basis from Julius Hyman and Co., 
Denver, Colorado and Shell Chemical Corporation, New York 
City. The aldrin, sample 9561, the dieldrin sample 9562, the 
endrin sample 9563 and the isodrin sample 9564 were supplied 
by Julius Hyman and Co. I wish to acknowledge also the assist- 
ance of Mr. E. J. Stansfield, Field Manager of The Greater 
Winnipeg Anti-mosquito Campaign in locating sources of larvae 
and pupae from time to time. Student assistants B. Furgala and 

» N. Chiykowski assisted in the routing work of this under- 

taking. Thanks are also due to J. R. Vockeroth, Systematic 
Entomology, Ottawa, for identifying adult mosquitoes reared 
from larval collections. 

1The DDT used was a commercial sample of “Sapho 25 
DDT for water emulsion” manufactured by The Kennedy 
Manufacturing Co., Montreal, P.Q. 


Effect of Several Compounds' on the 
Longevity of Caged Honeybees’ 


Joseru O. Morrett, Colorado Agricultural Experi- 
ment Station, Fort Collins 


The recent increase of European foulbrood in 
Colorado (11 per cent of the colonies in the state 
affected in 1951), in several other states, and in 


1 Streptomycin Merck (Calcium Chloride Complex) was used 
in this study. 

Dihydrostreptomycin Sulfate Schenley was used in this test. 

The sulfone used in this work was N,N-diaminodipheny 
sulfone-digalactoside supplied by Parke, Davis, and Co. 

Cryst. Terramycin HCL, Pfizer was used in this study. 

2 Scientific Journal Series No. 403, Colorado Agricultural Ex- 
periment Station. 
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Canada has led to new research on this disease. Sev- 
eral new antibiotics and drugs are being tried in an 
attempt to find a satisfactory chemical control of 
the disease. The materials for this study were se- 
lected because of reports of their effectiveness 
against European foulbrood by various investiga- 
tors. This study was undertaken to obtain informa- 
tion on the effect of these materials on the adult 
honeybee. 

Guilhon (1948) reported that digalactoside of 
bis(4-amino-phenyl)sulfone gave good control of 
European foulbrood in France. Streptomycin and 
dihydrostreptomycin have shown promise against 
the disease in experiments conducted by the Colo- 
rado Agricultural Experiment Station. Katznelson, 
et al. (1952) found streptomycin and terramycin 
showed promising control of the disease in Northern 
Saskatchewan. Encouraging results have been ob- 
tained with the use of streptomycin and terramycin 
by Gochnauer* in Minnesota, while Brizard & 
Martrille (1952) reported streptomycin gave the 
best control of European foulbrood of any materials 
tried in France. 

MATERIALS AND Metuops.—The bees used in 
these experiments were obtained by picking ten bees 
at random from a frame and placing them in a 
queen cage. The materials to be tested were mixed in 
a sugar sirup solution consisting of one part by 
volume of sugar and one part by volume of water. 
The bees were fed by punching two small holes in the 
tops of screw capped vials and inverting the vials as 
described by Woodrow (1938). A vial of water was 
also furnished each queen cage as recommended by 
Bertholf (1942). The bees were kept in a dark room 
to reduce their activity (Phillips 1922), except when 
they were being examined. 

Ten replications of each treatment were made. 
The dead bees were left in the cage until all the bees 
in the cage had died. Counts were made of the live 
bees, either daily or every other day. The bees dead 
at the time of the reading were considered to have 
died half way between the current reading and the 
previous reading. The average length of life of all the 
bees in each cage was used in making the statistical 
study of the data. The temperature of the room 
varied from 77° to 81° F. and the relative humidity 
ranged from 39 to 54 per cent. 

Because of the time required to conduct the ex- 
periment, the tests on each material were started on 
different dates. The streptomycin study was started 
on 9 October, 1951; the dihydrostreptomycin study 
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on 23 October, 1951; the sulfone test on 17 Decem- 
ber, 1951; and the terramycin experiment on 25 
January, 1952. 

Resutts.—Table 1 shows the results of these 
tests. A statistical study of the data was made by 
Nellie Landblom.‘ 

The higher levels of streptomycin (100 and 1000 
parts per million) showed a highly significant reduc- 
tion in the bees’ longevity when compared to that of 
the check bees and the bees fed 1 and 10 p.p.m. of 
streptomycin. The highest level fed (1000 p.p.m.) 
also showed a highly significant reduction in lon- 
gevity compared to the 100 p.p.m. level when the 
two were considered separately. 

The bees fed the lower levels of dihydrostrepto- 
mycin and the check cages (0, 1, and 10 p.p.m.) had 
a significantly longer life than the bees fed 100 and 
1000 p.p.m. dihydrostreptomycin. There was also a 
highly significant reduction in longevity of the bees 
fed 1000 p.p.m. when compared to those fed 100 
p.p.m. of dihydrostreptomycin. 

The lowered longevity of the bees fed the highest 
level of sulfone, 1000 p.p.m., differs from the check 
bees and the bees fed 1 p.p.m. and 10 p.p.m. of sul- 
fone at the one per cent level of significance, and 
from the bees fed 100 p.p.m. at the five per cent level 
of significance. 

The higher concentrations of terramycin (100 and 
1000 p.p.m.) showed a highly significant reduction 
of the bees’ longevity when compared to the check 
and the lower concentrations (0, 1, and 10 p.p.m.) of 
terramycin. The length of life of the bees fed 1000 
p.p.m. of terramycin was also significantly less than 
that of the bees fed 100 p.p.m. 

A covariance analysis of the data was also made to 
determine the differences among the four materials 
used. The variability of the independent variable 
(check cages) is due entirely to the different dates 
the experiments were started. In adjusting the 
means of the various treatments, this date varia- 
bility has been removed. Therefore, it is reasonable 
to assume that the variability in the adjusted treat- 
ment means is due entirely to the chemical used. 

No significant difference was found between either 
the cages fed 1 p.p.m. or the cages fed 10 p.p.m. of 
the four different materials. 

The bees fed 100 p.p.m. of sulfone had a highly sig- 
nificantly longer life than the three groups fed 100 

3 Personal communications—1951-2. 


4 Research Statistician for the Colorado Agricultural Experi- 
ment Station. 


Table 1.—The effect of four different concentrations of streptomycin, dihydrostreptomycin, a 
sulfone, and terramycin on the longevity of caged adult bees. 








AVERAGE Lire, IN Days, or Cacep Aputt Begs Fep 


P.P.M. MareriaLt AppED 
TO THE Foop 


Streptomycin 





Dihydro- 
streptomycin 


mn * 
lerramycin 


A Sulfone 





0 54.18 

1 52.05! 

10 48.77 
100 20.83? 
1000 7.53? 


Days required for M.S.D. at 5% level . 87 
Ss. 








Days required for M.S.D. at 1% level 23 .96 


47.65 
50.89 
48 .89 
23 . 50? 

7.36? 


75 .02 68.61 
83 .02 67.72 
73.84 66.71 
40.89? 55.07 
14.99? 37.98? 


16.71 


22.41 


10.48 


19.09 


25.60 13.39 





‘Significantly different from the check at the 5% level. 
* Significantly different from the check at the 1% level. 
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p.p.m. streptomycin, dihydrostreptomycin, and 
terramycin. The longevity of the bees fed 100 p.p.m. 
dihydrostreptomycin was also highly significantly 
longer than that of the bees fed the same amount of 
streptomycin and terramycin. There was no signifi- 
cant difference between the groups fed 100 p.p.m. 
streptomycin and those fed 100 p.p.m. terramycin. 

The bees fed 1000 p.p.m. of the sulfone compound 
showed a highly significantly longer life than those 
that were fed the same amount of the other three 
materials. The length of life of the bees fed 1000 
p.p.m. of dihydrostreptomycin was longer than that 
of those fed the same amount of streptomycin at the 
1 per cent level of significance, and significantly 
longer than the life of the bees fed the same amount 
of terramycin at the 5 per cent level. There was no 
significant difference between the bees fed 1000 
p.p.m. streptomycin and those fed 1000 p.p.m. ter- 
ramycin. 

ConcLusions.—When fed in small doses (1 to 10 
p.p.m.), none of the materials tested caused a sig- 
nificant decrease in the longevity of caged adult bees 
but all the materials shortened the length of life of 
the bees when high concentrations (100 to 1000 
p.p.m.) were used. Therefore, it would seem ad- 
visable to use as low a dosage of these drugs as possi- 
ble and still be able to control adequately or prevent 
a bee disease. 

When used in a concentration of 100 to 1000 
p.p.m., the sulfone compound was the least toxic ma- 
terial tested (unfortunately we have been unable to 
control European foulbrood with this material in 
Colorado in 1952). Dihydrostreptomycin was the 
next least toxic material to the caged adult bees, and 
it was highly significantly less toxic in high dosages 
than either streptomycin or terramycin. There was 
no statistical difference between the longevity of bees 
fed similar doses of streptomycin and terramycin. 
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Effects on Anopheles quadrimaculatus 
of Dusting for Control of 
Cotton Insects 


G. J. Love and Leo Karrman, Federal Securit) 
Agency,! Atlanta, Georgia 


From September 1948 until October 1951, regular 
measurements were made of Anopheles quadrimacu- 
latus larvae and adult populations at established 
index stations in Phillips County, Arkansas, as part 
of the Malaria Investigations Station program, The 
usual seasonal production of this species in the delta 
area, as indicated by records obtained on malaria 
control programs in the area, reaches a peak in mid- 
summer and declines with the onset of cold weather, 
In the course of accumulating the information pre- 
sented here, it was apparent that Anopheles counts at 
adult and larval collection stations were greatly de- 
pressed during periods when agricultural insecti- 
cides were applied for the control of cotton insects, 
Counts of adult A. quadrimaculatus for one station 
(6L) are shown graphically in figure 1. The reduction 
of adult mosquitoes during the height of the breeding 
season is apparent, especially in 1950, when the 
maximum amount of dust was applied. The graph 
also indicates the effect of early season dusting in 
June, when insecticides are applied intensively for 
the reduction of overwintering boll weevils that be- 
gin to attack plants. In 1950 a study of the effects of 
cotton dusting on A. guadrimaculatus was made. 

Experiments were conducted to determine quan- 
titatively the effect of routine dusting on A. quadri- 
maculatus at various distances from point of applica- 
tion. Cages containing approximately 50 adult A. 
quadrimaculatus each were placed on the four sides 
of a 30-acre cotton field just before dust was applied. 
Where practical, cages were placed 100, 300, and 500 
yards from the edges of the field, but distances were 
varied because of local terrain. Because of the prox- 
imity of other fields where dusting was being done 
concurrently, 500 yards was the maximum distance 
at which results would not be influenced by other 
dusting. Control cages were kept outdoors at the 
laboratory during the dusting period and for several 
hours thereafter. 

Dusting was begun at 8:00 p.m. and was finished 
at 11:30 p.m. The dust applied was 3-5-40 (3 per cent 
BHC, 5 per cent DDT, and 40 per cent sulphur); 
application was by a tractor-powered blower. Wind 
movement was detectable only by smoke; the direc- 
tion was northeast early in the evening and south- 
east after about 10:00 P.M. 

At 6:30 a.m., all mosquitoes were dead in cages up 
to 500 yards north of the field, 415 yards east, and 
300 yards south of the field. At that time, only 14 
per cent mortality was observed in the cage 500 
yards south of the field. The area west of the field 
was heavily wooded and contained thick under- 
brush. Here, the dust had no effect on adults at dis- 
tances of 100, 150, and 200 yards. At 8:30 A.M., a 
mortality of 10 per cent was observed in the control 
cages. 

To study the effect of agricultural dusts on mos- 
quito larvae, four light traps equipped with 100-watt 
bulbs were operated near mosquito-breeding areas. 
Few larvae of any species were found on weekly in- 
spections of the breeding areas during the period 
that dust was applied. Traps were operated each 


1 Communicable Disease Center, Public Health Service, Fed- 
eral Security Agency, Atlanta, Georgia and Emory University 
Field Station, Newton, Georgia. 
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Fic. 1.—Counts of adult Anopheles quadrimaculatus 
in station 6L, Phillips County, Arkansas. 


night from 6:00 p.m. until 6:00 a.m. throughout the 
summer. While dusting was done, many collections 
contained no mosquitoes and counts of five or less 
were common. At the end of August most dusting 
was stopped. Psorophora were collected in all traps 
after September 6-8, but Anopheles counts did not 
increase until September 9 to 12. Many males were 
among the first specimens collected. The intervals 
between the end of dusting and appearance of mos- 
quitoes in the traps, 6 to 8 days for Psorophora and 
9 to 12 days for Anopheles, correspond closely with 
the time of midsummer development of the larvae 
of these species. These data suggest that adult 
mosquitoes were taken in the traps only after larvae 
not exposed to cotton dusts had developed. 

The extent of mosquito control achieved by cotton 
dusting in this area is probably even greater than 
these data suggest. Results of these tests indicate 
that except for densely wooded areas, cotton dusting 
killed most mosquitoes within at least 500 yards of 
the field dusted. Probably no point in the rural areas 
of this region is as far as 500 yards from a cotton 
field, all of which were dusted either by tractor 
equipment or by airplanes. 


Effect of Benzene Hexachloride on 
Coffee Flavor in Nicaragua’ 
Ravueu B. Swain? 


In 1951, from July through November, Nicara- 
guan coffee plantations in the mountains south of 
Managua were attacked by a large decticine grass- 
hopper, Idiarthron atrispinum (Stal), popularly 
known as the chichimeco. It did much injury to the 
green and ripening fruit, and, to control it, growers 
resorted to several insecticidal dusts. Several of the 
formulations used contained benzene hexachloride; 
but, upon the advice of Edson J. Hambleton, of the 
Office of Foreign Agricultural Relations, who felt 
that too little was as yet known about the effect of 
benzene hexachloride on coffee flavor, the Servicio 
did not recommend any formulation containing 
that insecticide to Nicaraguan coffee growers. In- 
stead, it undertook a small experiment to ascertain 
what effect, if any, heavy applications of benzene 
hexachloride on coffee berries would have on the 
flavor of the finished product. 

Applications of the following insecticidal dusts 
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were made on August 7 and 21, September 10 and 
24, and October 2 and 8: 1) 20 per cent toxaphene, 
2) 3 per cent benzene hexachloride with 5 per cent 
DDT, and 3) 1.05 per cent benzene hexachloride 
with 1.75 per cent DDT. Twenty-five trees were 
treated with each dust; and a check group of 25 
trees went untreated. A rate of about 2 pounds of 
prepared dust per 25 trees was used—a much 
heavier dosage than the one most growers employed 
(17 to 20 pounds per acre). 

The berries were harvested on December 3 and 
prepared for roasting under the supervision of 
William Cowgill, horticulturist at the Instituto 
Agropecuario Nacional, Guatemala City, Guate- 
mala, Taste tests were made twice with identical 
results (Table 1). 


Table 1.—Results of flavor tests on coffee from 
trees treated with toxaphene and benzene hexa- 
chloride. 








NuMBER NUMBER 
or TREES oF ApPLi- 
TREATED CATIONS 


Fiavor 
RaTING 


TREATMENT 


(good) 


Toxaphene (20%) 25 6 

Benzene hexachloride 
amma (3%) with 
IDT (5%) 

Benzene hexachloride 
gamma (1.05 Zo) 
with DDT (1.75%) 

No spray (check group) 


“Sano” 


“Rio” (muddy) 


“Rio” (muddy) 
“Sano” (good) 


25 
25 





Rayner reports that in Kenya a “bricky”’ flavor 
in coffees is correlated with the use of benzene 
hexachloride on the plantations.’ It should be noted 
that in Brazil, where this insecticide has been used 
for four seasons against the coffee borer, no adverse 
effects on coffee flavor have been reported. Possibly, 
differences in climate, soil conditions, and cultural 
methods account for this fact. At any rate, in 
Nicaragua it would appear unwise to use benzene 
hexachloride for the control of coffee insects until it 
has been amply demonstrated that safe methods 
exist. 


An Anesthetization Chamber for the 
Artificial Insemination of 
Queen Bees 


Harry H. Lamiaw 


The insemination instruments designed by the 
writer in 1948 (Laidlaw 1949) included a queen 
manipulator equipped with a stationary and a mov- 
able upright piece 1.5 mm. inch thick, each of which 
bore a small piece of foam rubber on the inner sur- 
face and between which the queen was held head 
downward. The carbon dioxide gas which was used 
as an anesthetic was directed toward each side of the 


1 A contribution from the Servicio Técnico Agricola de Nica- 
ragua, a technical agricultural service organization for Nica- 
ragua, operated jointly by the Government of Nicaragua and 
by the Office of Foreign Agricultural Relations, U. 5S. Depart- 
ment of Agriculture. United States participation in this work 
was carried out as ~art of the Point Four program in Nicaragua, 
administered by the Technical Cooperation Administration, 
U.S. Department of State. 

2 Dr. Swain is Entomologist, Office of Foreign Agricultural 
Relations, assigned to Servicio Técnico Agricola de Nicaragua; 
Mr. Pinell, his Nicaraguan assistant, collaborated with him in 
this study. 

3 Rayner, R. W. Mo. Bul. Coffee Bd., Kenya, 16: 90-1 (Hort. 
Abstracts 21 (3), No. 3021, Sept. 1951). 
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queen by means of small glass tubes. This arrange- 
ment was satisfactory as a rule, but any appreciable 
movement of the surrounding air resulted in a slight 
revival of the queen from anesthesia which inter- 
fered somewhat with the insemination operation. 
In the course of redesigning the queen-holding 
part of the queen manipulator in 1950 to remedy this 
difficulty it was discovered that if carbon dioxide is 
applied to only the thoracic spiracles of the queen a 


Fic. 1.—Queen manipulator with new anesthetiza- 
tion chamber. 


complete anesthesia results which is accompanied by 
the cessation of the respiratory movements of the 
abdomen. Accordingly, the thin stationary upright 
piece of the queen holder was replaced by a metal 
block 9 mm. thick which has a chamber in the 
upper end 10 mm. wide, 12 mm. deep and 18 
mm. long with one end open (Fig. 1). The queen 
is fastened head downward in the chamber between a 
small piece of foam rubber glued to the stationary 
end of the chamber and a larger piece of foam rubber 
glued to the original movable piece which closes the 
open end of the chamber. The carbon dioxide gas is 
brought into the chamber by tubes drilled up the 
sides of the stationary block and deflected into the 
chamber at an angle of 45 degrees. The thorax of a 
queen thus fastened in the chamber is submerged in 
carbon dioxide gas while the abdomen extends above. 

This chamber has been entirely satisfactory. The 
queen remains anesthetized even in a considerable 
breeze, and she can be placed in the chamber quickly 
and easily. 
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Peach Spraying—Airplane vs. 
Ground Application’ 


Henry B. Green, Miss. Agr. Expt. Station, 
State College, Miss. 


Since the use of airplanes for spraying of insecti- 
cide concentrates became popular, a number of 
farmers in Mississippi, particularly in the “Delta” 
section, have inquired about the practicality of air- 
plane spraying of peach orchards. Although there are 
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rumors that tests along this line have been con- 
ducted, there appear to be no reports of them in tie 
literature. 

In the spring of 1952 an airplane of the “cul” 
type, operated by the Mississippi Agricultural [x- 
periment Station, was made available for a test on 
peaches. The Mississippi state penitentiary at 

*archman furnished for the test a fine five year old 
orchard on level, fairly uniform land, and also a 
power ground spray machine. There were three 
varieties of peaches included in the test: Belle of 
Georgia, Golden Jubilee, and Hiley. Each variety 
was in a separate block, and was divided in half to 
give 3 pairs of plots. The trees were in straight rows 
spaced 20 feet by 20 feet. The trees cover roughly 75 
per cent or more of the ground area. Due to this al- 
most complete ground coverage, it seemed plausible 
that the insecticide dilution for the same poundage 
per acre for the airplane could be calculated from the 
amount used by the ground equipment. 

From previous tests it was known that 1 gallon of 
8 pounds per gallon actual toxaphene emulsifiable 
concentrate per 100 gallons of water gave excellent 
control of plum curculio. This was the only fruit pest 
in the orchard worthy of consideration. An equal 
amount of toxaphene was applied by air as 5 gallons 
of emulsion per acre taking two rows of trees at a 
pass. This resulted in a fairly large droplet size and 
some holes were burned in the leaves. Both treat- 
ments were applied during the mornings of April 3, 
16, 29 and June 13. Wettable sulphur was applied to 
the entire test by ground machine for disease control, 

Control of the plum curculio was determined by 
cutting dropped and harvested fruit. 


Table 1.—Per cent curculio infestation. 








VARIETY 





Belle of 


Georgia 


Golden 
Jubilee Hiley Average 


METHOD OF 
APPLICATION 





Drops' 
Ground 3. 2.75 0.00 
Airplane 13.2 11.50 1.25 
Harvested Fruit? 
0.66 0.40 
5.14 1.45 


1.91 
8.66 


1.09 
3.69 


Ground 2.2 
Airplane 4.é 





1 400 drop peaches per sample (collected June 5). 
2 4000 peaches per sample (harvested August 7, July 2, and 
July 14 respectively). 


Immediately after the last application of spray, 
leaf samples were taken to determine the amount of 
toxicant deposited on different portions of the trees 
by the 2 methods. Mature leaves were picked from 
the top side, center and bottom locations on the trees. 
Duplicate samples were taken from the 2 center rows 
of each treatment of only the Golden Jubilee variety. 
The samples were shade dried to between 42 and 45 
per cent of their original weight before they were 
shipped for analysis.2 The results are presented in 
parts per million deposit for comparison (Table 2). 

The deposit by airplane spraying was generally 
higher than that from ground application, particu- 
larly in the tops of the trees. 

Summary.—Airplane vs. ground machine spraying 
of peach trees for control of plum curculio with toxa- 


1 Approved for publication as Journal Article Number 292, 
Mississippi Agricultural Experiment Station. 

2 Residue analyses and emulsifiable concentrate furnished by 
Hercules Powder Company. 
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Table 2.—Toxaphene deposit in parts per mil- 
lion of dry weight of peach leaves from various 
tree positions. 








TREE 


LocATION SAMPLE1 SAMPLE2 AVERAGE 





Airplane Application 
4586 5636 
3703 3701 
2013 2207 

275 2668 

Ground Application 

653 

1667 

2605 

1977 


5111. 
3702. 
2110. 
1471. 


Top 
Side 
Center 
Bottom 


653. 
2084. 
2510.! 
2032. 


Top 

Side 2501 
Center 2416 
Bottom 2087 





* Sample lost. 


phene emulsion on 3 varieties of peaches was tested 
in Mississippi in 1952. Cutting of drops and har- 
vested peaches to determine infestation, showed that 
better control was affected by ground equipment. 
Analysis of leaf samples from various tree positions 
showed a heavier deposit of toxaphene in the air- 
plane treatment particularly in the top. There ap- 
peared to be no correlation between the amount of 
poison deposited and the degree of control. 


An Unusual Occurrence of the Field 
Cricket 


Ross E. Hurcurns and J. M. Lanaston, 
State Plant Board of Mississippi 


In August of 1951 field crickets became extremely 
abundant in the city of Greenville, Mississippi, 
where they were recorded as appearing in tre- 
mendous numbers about the business section of the 
city. They seemed to be attracted particularly to 
neon lights around the <heatre and other establish- 
ments. They gave the business houses considerable 
difficulty because the crickets had to be swept away 
from the places of business each morning, and out 
of the stores into which they had crawled during the 
night. It was reported that many sidewalks, partic- 
ularly under street lights, were black with the 
crawling mass of crickets. Unfortunately, none of 
these crickets were obtained for identification. 

During the latter part of the summer of 1952 the 
crickets again became very abundant in various 
cities of Mississippi. Crickets were noted as being 
abundant in the vicinity of Greenville and in addi- 
tion to this city they were abundant in Starkville, 
Greenwood, Macon, Columbus, and presumably this 
migration to the towns and cities occurred at other 
points. According to newspapers they were also 
abundant in various towns in Arkansas. Specimens 
of these crickets were identified as Acheta (Gryllus) 
assimilis luctuosus Serville. The period of abundance 
of these insects extended from approximately the 
first of August up until approximately August 20, 
1952. They appeared to be attracted particularly by 
fluorescent lights and by mercury vapor street lights. 
There were a great many complaints of these insects 
entering various clothing stores where they seemed 
to do some damage to certain fabrics, especially to 
nylon. Some of the store owners found it expedient 
to tape up their doors with adhesive tape after 
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closing their places of business at night. Some 
difficulty was experienced with the insects getting 
into various calculating machines and bookkeeping 
machines. 

A communication from Dr, George C. Decker, 
Entomologist of the State Natural History Survey 
Division of Illinois, indicates that the common field 
cricket, Acheta (Gryllus) assimilis F. was unusually 
abundant also in the state of Illinois during August 
1952. This was true particularly in the southern half 
of Cook County and particularly the southern half 
of the city of Chicago. According to Dr. Decker 
several varieties of A. assimilis may be involved in 
the outbreak. 

The question naturally arises as to what is the 
cause of these unusual outbreaks of crickets. The 
outbreak of crickets at Greenviile in August 1951 
occurred at approximately the same time as a period 
of drouth. This was also true during the summer of 
August 1952. Evidently this cricket outbreak is 
somehow connected with drouth conditions. It is 
probable that the migration to towns is not caused 
simply by a lack of water or moisture in the country 
because the migration to cities in Mississippi oc- 
curred after the drouth was broken by rains in some 
areas. It seems possible that this buildup of cricket 
population may be connected in some fashion to the 
dry weather and low fungus disease infection. How- 
ever, the exact cause is not clear. It is of interest 
along this line to note that among the crickets which 
appeared in town there were usually small per- 
centages of various species of grasshoppers. These 
were not identified as to species. 


A New Pest of Blue Lupine’ 


M. D. Farrar and Gsoras M. ANDERSON? 


A liberal farm price support for the seed of blue 
lupine has encouraged South Carolina farmers to 
plant large acreages of this crop. The blue lupine, 
Lupinus angustifolius is now an important soil build- 
ing crop in several of the southeastern counties of 
the state. Planting starts in late September and con- 
tinues into February. Under favorable conditions 
seed may be harvested in time to follow blue lupine 
with the usual summer crops grown in the area. 

Farmers first complained of a loss in their blue 
lupine stands in 1950. On examination, plants from 
four to ten inches in height, were slowly dying with a 
characteristic symptom of diseased roots. The foliage 
of injured plants became yellow then dried from the 
bottom upward toward the growing tip. Later, only 
a dead stem would remain to mark the place of a 
formerly healthy plant. A careful examination of 
dying stands in blue lupine fields showed a tiny grub 
associated with the injured plants. Specimens sub- 
mitted to the Division of Insect Detection and 
Identification, Bureau of Entomology and Plant 
Quarantine, United States Department of Agricul- 
ture, Washington, D. C. were identified as Sitona 
explicita Say. Records indicated that the species had 
been taken in California, Texas, Alabama, and 
Georgia. The identification added a new record for 


1 Technical Contribution No. 206 from The South Carolina 
Experiment Station, Clemson Agricultural College, Clemson, 
South Carolina. 

2 Entomologist, South Carolina Experiment Station, Clemson 
Agricultural College, Clemson, South Carolina and Assistant 
State Pathologist, South Carolina State Crop Pest Commission, 
Clemson, South Carolina. 

















Fic. 1.—Upper left, damaged and normal roots com- 
pared; Upper right, roots greatly magnified—left 
normal, right damaged; Lower left, grubs enlarged 
about 4X; Lower right, characteristic feeding of 
grub in nitrofication nodule on root of lupine plant. 


South Carolina. All records have been associated 
with species of lupine. The South Carolina outbreak 
is apparently the first case where the weevil has 
caused economic damage. 

In three of the largest lupine producing counties 
the injury was observed in most of the early planted 
fields. In Allendale County several fields were dam- 
aged to the extent that the crop was abandoned for 
seed purposes. Fields examined in February and 
March produced grubs from 0.06 inch in length to 
mature grubs 0.33 of an inch in length. In April and 
May pupae were observed in earthen cells at depths 
of 2 to 4 inches below the surface. Larvae and pupae 
collected failed to emerge as adults. 

Repeated observations failed to locate the adults 
until mid-July. From this time until late September 
adults were collected in quantities from wild cherry 
and wild plums in the neighborhood of infested 
fields. The feeding signs were sufficiently character- 
istic that infested shrubs could be identified from a 
moving automobile (Fig. 2). An adult survey indi- 
cated the distribution to be almost as shown by re- 
ported damage to fields of blue lupine. 

The adult weevil, figure 2, is a very active insect 
resembling in many ways the sweet clover weevil. 
Adults brought into the laboratory fed and _ re- 
mained active over several months. Specimens stored 
in the refrigerator for three months would become 
very active soon after they were restored to room 
temperatures. 

The life history of the species has not been fully 
established. They probably are native to the area 
associated with wild lupines. Adults began to emerge 
in June and July. Wild cherry and plum appeared to 
be a favorite host plant for the adults (Fig. 2). Eggs 


JOURNAL OF Economic ENTOMOLOGY 





Vol. 46, No. 1 





Fic. 2.—Left, adult lupine weevil, enlarged about 
4X; right, characteristic feeding scars on the leaves 
of wild plum. 


are deposited in those lupine fields planted during 
the fall months. Neither damaged plants nor larvae 
could be found in fields planted after January 1. 

The damage caused by the grubs may be associ- 
ated with the nitrogen forming nodules on the roots 
of lupine plants. (The feeding of the grubs on the 
nodules may also predispose the roots to infection by 
pathogens and final destruction of the root system.) 
Severely injured plants lack nodules and the root 
hairs, characteristic of normal plants. In figure 1 are 
shown normal and injured roots of blue lupine, the 
weevil larvae and a grub feeding on one of the nod- 
ules. 

SumMary.—The larvae of a lupine weevil, Sctona 
explicita Say, has been identified as an insect associ- 
ated with heavy losses to stands of blue lupine in 
South Carolina. The larvae feed in the nitrogen pro- 
ducing nodules of blue lupine planted in the fall 
months. Injured roots are attacked and destroyed 
by plant fungi and bacteria. The adult feeds on wild 
cherry and plum foliage. In July, August, and Sep- 
tember it may be taken from this source in large 
numbers. Eggs are deposited in lupine fields planted 
in the fall months. Economic damage is confined to 
areas where blue lupine has been extensively planted 
as a winter cover crop. 


Endrin for Control of Cotton Pests' 


S. L. Catuoun and E, W. Dunnam, U.S.D.A., Agr. 
Res. Adm., Bureau of Entomology and 
Plant Quarantine? 


During the summer of 1951 a new chlorinated hy- 
drocarbon, then known as compound 269 but more 
recently called endrin, was made available for field 
trials. Two experiments were carried out on land 
owned by or adjacent to the Delta Branch of the 
Mississippi Agricultural Experiment Station, at 
Stoneville, from July through October. Information 
obtained on the control of the boll weevil, Anthono- 
mus grandis Boh., the bollworm, Heliothis armigera 
(Hbn.), and the tobacco budworm, //eliothis virescens 
(F.), will be discussed herein. 

The boll weevil, bollworm and tobacco budworm 
infestations were recorded by examination of 100 

1 Identifications made by J. M. Langston, —_ ‘ee Board 


of Mississippi, and J. G. Franclemont, U.S. B.E.P.Q. eee. 

2In cooperation with the Delta Branch of the Mississippi 
Agricultural Experiment Station. Thanks are due J. E. Roberts, 
M. V. Courtney, and R. E. Furr for assisting in conducting these 
tests. 











it 


8 
e 


\- 
re 
ld 
id 


at 


rd 


pi 
ts, 














February 1953 





ScIENTIFIC NOTES 171 


Table 1.—Results of field experiments to determine the effectiveness of compounds endrin and 


dieldrin plus DDT for control of cotton pests. 














Bou BoLLWoRM Bub 


BoLLWoRM APHIDS SPIDER YIELD 


: Tora. WEEVIL Eaas DAMAGE INFESTATION PER MITES PER OF SEED 
SEASONAL INFESTA- PER 100 PER 100 SQUARE SQUARE Corton 
DosaGcEe TION IN TEeRMI- Bo.LL- In n INcH OF INCH OF PER 
[REATMENT PER ACRE SQUARES NALS WORMS Squares Bolls Lear LEAF AcRE 
pounds per cent number per cent percent per cent Number Number pounds 
Experiment 1—Nine applications, July 30 to September 4 
Untreated check 38.2 5.0 36.5 11.2 25.7 0.8 0.2 365 
Dieldrin+ DDT — 1.8+3.0 6.1 18.8 13.0 4.2 6.1 0.3 0.9 565 
Endrin 1.8 6.5 26.5 12.0 2.0 4.8 0.2 0.4 940 
Experiment 2—Seven applications, August 29 to October 5 
Untreated check 25.7 26.3 14.3 1a 0.3 95 
Endrin 1.4 3.1 25.9 2.4 0.6 1.0 415 





squares, and bollworm and tobacco budworm egg 
depositions by examination of 100 terminal buds. 
The aphid and spider mite population counts were 
made by examination of 1 square inch on the under- 
side of the fourth leaf from the top of each of 100 
plants. Yield records were obtained by picking either 
two or four 0.02-acre plots in each experiment. 

A mixed population of bollworms and tobacco 
budworms attacked cotton in the Mississippi Delta 
during the summer of 1951. Periodic collections of 
lepidopterous larvae on cotton from July to Sep- 
tember showed that of a total of 213, 33 per cent 
were the bollworm, 59 per cent the budworm, and 
8 per cent a variety of the budworm. No differences 
were observed in the feeding habits and degree of 
damage caused by the different species. Hereafter, in 
this paper the term “bollworms” will collectively 
designate the above species. 

I.XPERIMENT 1.—A_ 1.5-acre plot of late cotton 
was treated with endrin at the rate of 0.2 pound per 
acre applied as an emulsion spray with a 4-row 
tractor-operated unit. Three No. 1G nozzles ad- 
justed to each row delivered the spray at a rate of 
3 gallons per acre. A 3-acre plot of late cotton in the 
same field was treated in a similar manner with a 
mixture containing 0.2 pound of dieldrin and 0.5 
pound of DDT per acre. A 0.25-acre untreated plot 
separated the two treated plots and served as a 
check. Treatments were begun on July 30 and re- 
peated at 4- to 6-day intervals until September 4. 

Observations were made weekly on the infestation 
in squares, the bollworm eggs and damaged buds, 
and cotton aphid and spider mite populations. After 
the nine applications of poison, ten 100-boll samples 
were examined to determine the bollworm injury. 
Yields were obtained by picking two 0.02-acre plots 
in each treatment, 

The average boll weevil infestation on the date 
treatments were begun was 60 per cent in the un- 
treated check, 70 per cent in the dieldrin-DDT, and 
38 per cent in endrin plots. 

Although the boll weevil infestation in the un- 
treated check declined slightly, owing to very hot, 
dry weather, the reduction was much greater in the 
two treated plots (table 1). Endrin gave control of 
the boll weevil equal to that obtained with the 
dieldrin-DDT mixture. The infestation of bollworms 
was much worse than that of boll weevils. Control of 
the bollworms with endrin was slightly better than 
with the dieldrin-DDT mixture. Spider mites and 
aphids did not become very numerous. The differ- 
ences in yield between the two plots are not indica- 
tive of the insect control obtained. A spotted stand 
was the greatest contributing factor to this condi- 

tion. The lateness of the crop and the dry weather 





reduced the yield on all plots much below normal for 
this area. 

EXPERIMENT 2.—A_ 45-acre field of late cotton 
was treated seven times with endrin at 0.2 pound 
per acre in an emulsion spray from August 29 to 
October 5. The spray was applied by airplane at the 
rate of 1 gallon per acre. The swaths were 14 rows, or 
approximately 47 feet, wide. The first two applica- 
tions were made 4 days apart and the other applica- 
tions at 6- to 9-day intervals. As the season pro- 
gressed and the temperature became cooler, insect 
development was retarded, and longer intervals be- 
tween applications of poison were possible. A 2-acre 
plot on the south side of the field was left untreated. 

When the experiment was begun, damage by boll- 
worms was extensive and most of the young squares 
had been destroyed. Therefore, no records were ob- 
tained of the damage in the treated and untreated 
areas. Because of the late date on which treatments 
were begun the time remaining before frost was too 
short to expect much yield, but an excellent oppor- 
tunity was afforded to test endrin further for the 
control of the boll weevil and bollworms. A hard 
freeze occurred on November 3. Infestation in 
squares and population records were made at weekly 
intervals from August 28 to October 30 at four loca- 
tions in the treated portion of the field and one in the 
check, Yield data were obtained by picking four 
().02-acre plots in the treated and one in the check 
area. 

Although the boll weevil infestation was not seri- 
ous and decreased in the check as the weather be- 
came cooler, good control was obtained immediately 
after the beginning of treatment with endrin. Boll- 
worms were far more serious pests, but were readily 
controlled. On August 28, when poison treatments 
were begun, the average number of bollworm eggs 
per 100 terminal buds ranged from 84 to 106 in fiv: 
locations in the field. Egg counts remained high each 
week through October 9, after which there was a 
sharp drop. Late in the afternoon of September 25 
moths were active and an opportunity was afforded 
to determine the ratio of the different species. Of 24 
moths observed, 14 were identified as /[eliothis 
virescens and the remainder as H. armigera. There 
was a slight indication of some aphid reduction 
following the treatment, whereas the reverse was 
true of spider mites. Neither pest was of any eco- 
nomic importance. 

SumMAryY.—Two field experiments with endrin for 
the control of cotton pests were conducted in the 
vicinity of Stoneville, Mississippi, in 1951. In experi- 
ment 1 endrin, applied at the rate of 0.2 pound per 
acre, was compared with a mixture of 0.2 pound of 
dieldrin plus 0.5 pound of DDT. Three gallons of 
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emulsion per acre was applied with tractor-mounted 
spray equipment. Endrin gave control of the boll 
weevil equal to that obtained with the dieldrin-DDT 
mixture, but gave slightly better control of boll- 
worms. 

In experiment 2 endrin applied at the rate of 0.2 
pound per acre was compared with an untreated 
check. Applications were made with airplane- 
mounted spray equipment at the rate of 1 gallon per 
acre. Endrin gave excellent control of the boll weevil 
and ‘bollworms compared with an untreated check. 


Fly Control on Dairy Farms’ 


M. D. Farrar, Agricultural Experiment Station and 
C. C. Brannon,? Dairy Department 
OctToBER 1952 


Many new methods of fly control have been in- 
troduced to farmers in the past 10 years. The general 
application of DDT almost eliminated flies for a 
while in some areas. Unfortunately, many flies sur- 
vived the DDT treatments and lived to reproduce a 
line of flies resistant to DDT. Other chemicals were 
tried and in due course of time flies have also become 
resistant to these chemicals. Certain strains of flies 
are now known to be resistant to DDT, benzene 
hexachloride, aldrin, dieldrin, lindane, toxaphene, 
chlordane, heptachlor, and methoxychlor. 

The history of fly control with chemicals indicates 
that every known method must be employed if 
people are to enjoy freedom from flies. 

Among the old reliable techniques are sanitation, 
fly screens, fly traps, and poison baits. The impor- 
tance of sanitation cannot be over-emphasized. 
Flies will breed in litter of all types if they have the 
right temperature and moisture conditions. An area 
only a single foot square that is favorable for fly 
breeding will support and breed out from 10 to 30 
thousand adult flies. 

A weekly cleaning of calf barns, bull pens, and 
under the feed troughs will almost eliminate breeding 
areas. All manure should be spread onto the fields or 
stacked into a pile 4 feet high with straight side 
walls. When manure is piled in this manner, the heat 
of decomposition will prevent fly breeding. A liberal 
application of hydrated lime or rock phosphate may 
be helpful in keeping the breeding area dry. Borax 
has been used effectively in many cases. Caution: An 
excess of 6 pounds of borax per acre may be injurious 
to the land in growing most crops with the exception 
of alfalfa. 

Dusting the barns and lots with the usual cotton 
insecticides has given effective fly control on many 
farms. The practice tends rapidly to build up a line 
of resistant flies but after flies become resistant the 
method will have to be abandoned. 

Use or Portsons.—Poison baits remain an effec- 
tive fly control. A widely used bait contains a table- 
spoonful of 40 per cent formaldehyde, 1 pint of milk, 
and 1 pint of water. When this mixture is exposed to 
flies, they are killed in quantities after feeding. 

A new bait is suggested that offers promise of re- 
markable control under favorable conditions. The 
bait should contain: 

1.5 to 2.5 ec. (a medicine dropper half to three- 
fourths full) 40 per cent TEPP 

4 fl. oz. molasses 

1 gallon water 
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Use a medicine dropper for measuring these smal| 

quantities. Do not use this medicine dropper for any 
other purpose. Do not rinse this medicine dropper i 
water. Caution.—Tetraethyl pyrophosphate, TEPP, 
is not only a fly killer but also a dangerous poison for 
man and animals. It is highly soluble in water, kills 
rapidly, and must be handled with extreme caution 
to avoid possible accidental poisoning. TEPP 
poisoning can occur by swallowing, breathing, or 
skin absorption. The stock solution should be 
handled and stored by a reliable person who under- 
stands the poisonous properties of this chemical 

The greatest danger in using TEPP is to the 
operator, who should use every precaution for his 
own protection. Rubber boots should be worn during 
the application. All utensils used with the treatment 
should be isolated to prevent possible contamination 
of milking equipment. The operator should avoid 
smoking or rubbing his eyes or lips while handling 
TEPP. Thorough washing is essential to avoid acci- 
dental poisoning. 

Children should be restricted from the treated 
areas for at least five hours after the application be- 
cause of the possibility that they might fall down and 
get the poison bait on their hands. 

App.ty1nc TEPP Bart.—The bait is best applied 
on clean floor after the morning clean-up. (Do not 
apply bait to littered floors.) Wet or dry floors are 
equally satisfactory. Mix the bait in a sprinkling can 
on which most of the holes have been closed. Only a 
small dribble of the bait is required to attract the 
flies. Sprinkle the bait on bare floors or on open 
walks where there is no danger of contaminating 
feed or water. The bait dries in one to two hours but 
kills flies for four to five hours. Daily applications 
may be necessary under severe conditions. 

Do Not Under Any Circumstances Put TEPP on 
Cattle or use it where they could accidentally gain 
contact with the chemical. 

Kitirse Action or TEPP.—AII species of flies 
found around a dairy barn are killed by the TEPP 
bait. Flies attracted to the bait feed or walk around 
for a few seconds and then drop. Few flies seem to 
leave the treated area. An accumulation of dead 
flies may appear on the floor over the bait. 

ResipuAL Property or TEPP.—Tetraethyl py- 
rophosphate, TEPP, is a highly poisonous chemical 
before it is diluted with water and for a short time 
after dilution. After exposure of the chemical to 
water, air, or wet surfaces, the chemical breaks down 
into relatively harmless materials. After 24 hours of 
contact with water, the chemical is considered non- 
poisonous. 

Antipote.—TEPP is similar to a chlorinesterase 
inhibitor. In case of poisoning from this chemical, as 
a medicinal emergency, an effective treatment is 
0.01 to 0.02 grains of atropine (0.65 to 1.3 milli- 
grams) given at once and every hour or oftener as 
needed to keep the patient fully atropinized (mouth 
dry and pupils dilated). The local doctor should be 
contacted and given information on the chemical 
causing illness. 


' Contr. No. 5, Departments Entomology-Zoology & Dairy, 
South Carolina Agricultural Experiment Station. 
2 Associate Dairyman. 
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E tect of Soil Treatment with BHC and 
Lindane on Barley Yields 


Fuank O. Morrison, Macdonald College (McGill 
University), Province of Quebec 


Kew studies to-date on the phytotoxic effects of 
hexachlorocyclohexane added to soil have been 
carried out on the same plots for more than one year. 
Possible cumulative effects as well as the seasonal 
influence make such investigations important. 

MATERIALS AND ProcepURE.—Pontiac barley 
was seeded on May 25, 1948, at 2 bushels per acre, on 
plots, the surface of which had been treated by ap- 
plying in water suspension, with a garden watering 
can, dosages of 0, 0.25, 0.5, 1, 5, 20 and 60 Ibs. of the 
gamma isomer of BHC per acre. The product used 
was a 50 per cent wettable crude BHC! said to con- 
tain 6 per cent of the gamma isomer. Dosages used 
in the tests reported here were calculated on the 
claimed 6 per cent content. Later bioassays indicated 
a gamma isomer content of 16 per cent. Therefore 
actual gamma dosages were probably 2.5 times as 
great as stated. Seeding was by means of a Planet 
Junior seeder. Plots were 176 square links from which 
0.001 acre was harvested. They were arranged in 
four ranges, each dosage being replicated four times. 

The same plots were reseeded on May 31, 1949. 
Treatment was as before except that the 20 lb, and 
60 lb.-plots were not retreated. 
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Using twice the standard deviation of the differ- 
ence between two means as a test of significance: 

in 1948 the 0.25, 0.5 and 1 Ib. treatments in- 

creased yields while the 20 lb. treatment de- 
creased them. 

in 1948 the 20 pound dosage of the previous year 

increased the yield. 

Increases above the average for repeated 0.25 
and 0.5 |b. dosages and a decrease on the 5 Ib. 
plots just verged on significance. The 60 Ib. dos- 
age of the previous year showed no residual 
effect. 

in 1950 no treatments gave yields significantly dif- 

ferent from the check. 

Discussion AND ConcLusions.—Since no insect 
pest is known to have been present, yield differences 
are assumed due to effects on the soil or on the plants 
directly. Watts (1948), Proverbs and many others 
have demonstrated that the soil type greatly in- 
fluences the phytotoxicity of BHC. Foster (1951) 
reported technical BHC more phytotoxic than lin- 
dane per unit of gamma isomer present. Proverbs 
(1952) thought this due to the gamma content of 
BHC being underestimated. Smith (1948) and 
Schread (1949) have reported long persistence of 
BHC in soil. The evidence here is that such large 
dosages as 60 lbs. of gamma isomer per acre (prob- 
ably actually 160 lbs.) though highly phytotoxic to 
barley when applied loses all phytotoxicity to the 


Average yields in bushels of barley per acre from four replicates 

















1948 1949 1950 

Treatment Yield Treatment Yield Treatment Yield 
Check (water only) 26+1.3 Check 23 .5+1.67 Check 29.8+1.8 
0.25 lb. y BHC 30.0 0.25 lb. y BHC 27.8 0.25 lb. y BHC 30.1 
0.5 lb. y BHC 29.7 0.5 lb. y BHC 27.7 0.25 lb. gamma as lindane 26.7 
1 lb. y BHC 31.1 1 lb. y BHC 29.6 1 lb. y BHC 30.1 
5 lbs. y BHC 25.6 5 lbs. y BHC 18.9 5 lbs. gamma as lindane 30.2 
20 Ibs. y BHC 4.4 No treatment 31.4 20 lbs. gamma as lindane 30.0 
60 Ibs. y BHC 0.0 No treatment 25.5 No treatment 29.8 





The procedure was repeated in 1950 except that 
plots previously treated at 8 oz. with the BHC 
formulation were treated with 0.25 lb. gamma in the 
form of 25 per cent wettable lindane’; the 5 lb. plots 
were retreated with the lindane product in place of 
the BHC; and the plots treated with 20 Ibs. in 1948, 
and untreated in 1949 were retreated using lindane. 
The 60 Ib. plots of 1948 again remained untreated. 

The ranges used had been in corn in 1947, and had 
received that year a per acre application of 15 tons of 
barnyard manure and 600 lbs of 2:12:10 fertilizer; in 
1948 no fertilizer was used; in 1949, and again in 
1950 300 Ibs. of 2:12:10 fertilizer, in 1951 the ranges 
were returned in their regular rotation to sweet 
clover with a nurse crop of barley. The soil is Chicot 
sandy loam. In 1949 one range suffered slight rain 


<erosion, 


ResuLts.—Very few seedlings appeared in the 60 
lb. plots in 1948. The weeds sickened and died. 
Plants on the 20 Ib. plots were yellowish, short 
and scattered. Plants in the 5 lb. plots were poor 
in color early in the season, but later indistinguish- 
able (Morrison 1950). In 1949 the 5 lb. plots were 
spotty and off color early in the season, while plants 
on the 0.25 and 0.5 lb. plots appeared taller and 
darker. Plants in 20 lb. and 60 Ib. plots of 1948 (not 
retreated), appeared normal. During 1950 all plots 


appeared normal. 


crop under Quebec conditions in one year. This loss 
is borne out by greenhouse experiments (Morrison 
1950). Proverbs (1952) found loss of insecticidal ac- 
tion to parallel loss of phytotoxicity. With the soil 
type used here the season (weather?) too appears to 
greatly influence phytotoxicity. The 5-pound dosage 
repeated in 1949 gave observable early season symp- 
toms and a yield decrease on the borderline of sig- 
nificance yet repeated again in 1950 it had no effect. 
In the form of lindane, 20 lbs. produced no effect in 
1950, but this is not comparable with 20 Ib. dosage 
in 1948, as the gamma content was then underesti- 
mated. 

Dosages on the margin of phytotoxicity and possi- 
ble stimulatory effects of this chemical are so com- 
plex and so influenced by soil and season that no 
conclusions can be drawn except after many years of 
careful work. 
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1 Benehxane of Canadian Industries Ltd. | : 
2 Isotox Barn Spray. Supplied by California Spray-Chemical 
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Long-Horned Beetles that Attack Citrus 
in the Lower Rio Grande Valley 
of Texas’ 


H. A. Dean,? Texas Agricultural Experiment 
Station, Weslaco, Texas 


Following the disastrous freeze of January 29 to 
February 3, 1951, wood-boring insects were found to 
have entered many of the severely injured citrus 
trees at dead bark areas. Many injured trees had 
limbs as large as 6 to 8 inches in diameter tunnelled 
out by the borers. A preliminary survey was made to 
determine the larval feeding habits as well as the 
species of beetles present. 

Borers were seldom found in trees that had been 
given good care and were in a good growing condi- 
tion. Observational evidence indicated that some of 
the borers might have entered limbs of trees dam- 
aged by the January, 1949 freeze. The large borers 
were found feeding either barely in live wood or at 
the junction between live and dead wood. Dead 
wood areas around these tunnels were common in 
almost every instance. Tunnelling was in the direc- 
tion of the base of the trees. Presence of the borers 
could frequently be readily discovered by noting the 
wood dust that had fallen on the leaves below. 

Trees with infested branches were found to be 
most easily freed of the borers by the removal of in- 
fested branches below the larval feeding point. Even 
though fruit developed on infested branches, it was 
considered advisable to remove the branches which, 
because of their weakened condition, would un- 
doubtedly have been broken by the wind later with 
increasing fruit weight. Borer tunnels were observed 
in a few groves to have greatly weakened large 
branches, many of which broke off in high winds in 
the spring of 1952. 

Acrobat ants were frequently found infesting 
tunnels when the trees were opened for examination. 
A small, entirely black, acrobat ant, Cremastogaster 
orthocrema (arizonensis or undescribed) was the most 
numerous ant infesting the tunnels. The red-orange 
and black acrobat ant, Cremastogaster ocrocoelia 
laeviuscula Myers, seldom infested the tunnels and 
was more generally found infesting other parts of the 
tree. Ants were noted to attack the borers but the 
borers were observed to crush some ants with their 
mandibles. The debris that was left behind the 
larvae probably offered some protection from ants 
and parasites. 

Specific identification of the larvae of most species 
collected could not be made. A very few larvae were 
definitely identified, such as Eburia mutica Lec. A 
method of rearing the larvae to the adult stage was 
needed if the borers were to be definitely identified. 
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Larvae died when sections of the branches we: 

brought into the laboratory for rearing. A method 
was followed similar to that reported by Reinhar. 

(1944) in which he found the breakfast food, Grapx 

nuts, to be a most suitable food in the rearing oi 
Phyllophaga calceata and P. micans. Wood-boring 
larvae removed from trees at several locations for 
rearing were placed in individual low form “stender” 
dishes and supplied with a generous amount of 
Grape-nuts. Mortality from this time on was light 
and due possibly to injury at the time of removal 
from the trees. 

Larvae were observed to turn on their backs jusi 
before and during molting. Larvae reared over an 
extended period of time seemed to become progres- 
sively smaller in size, but those taken from the trees 
as long as 2 or 3 months before pupation did not 
seem to lose size. Moisture did not collect on the 
inside of the lid of the dishes. Dishes were kept in a 
drawer of a steel desk. Additional quantities of food 
were added from time to time but seldom was it 
necessary to remove old food. The larger borers at- 
tained a length of 1.75 to 2.50 inches just before 
pupation. 

The pupae were placed in cylindrical cardboard 
food containers to give them more freedom to 
emerge as adults and to give them a drier atmos- 
phere for continued development. Larvae began to 
pupate in early March. After April, the larger borers 
continued to feed and grow, but did not pupate that 
year. Length of pupal stage varied for the hardwood 
stump borer and a closely related species from 24 to 
28 days. Sometimes the large borers required 3 days 
to emerge as adults fully colored. These adults would 
sometimes remain in the containers for 4 days or so 
but after that time they would chew holes in the con- 
tainers in seeking freedom. 

The round-headed borers which bore into the 
heart of the large branches were identified as the 
hardwood stump borer, Stenodontes dasystomus Say, 
and a closely related species, Archodontes melanopus 
serrulatus Lec. Two species found tunnelling in ap- 
parently only dead wood were identified as Eburia 
mutica Lec. and Romaleum taeniatum Lec. Other 
wood-boring insects taken from citrus were the 
banded hickory borer, Cerasphorus(=Chion) cinctus 
Drury; Elaphidion sp.; the western twig borer 
(Bostrichidae), Amphicerus cornutus Pallus; and a 
Buprestid borer, Chrysobothris sp. 

SUMMARY.—Several species of wood-boring insects 
have been found attacking citrus in the Lower Rio 
Grande Valley of Texas. These insects have usually 
confined their attacks to weakened trees in poor 
growing condition. 

A method of rearing wood-boring insects has been 
presented and has proved to be particularly satis- 
factory in the rearing of later larval stages to the 
adult stage. Such rearing method should prove help- 
ful in stimulating further studies with wood-boring 
insects. 
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Gypsy Moth Control Activities in the 
Northeastern Region 


Joun M. Coruss, Bureau of Entomology and Plant 
Quarantine, Agr. Res. Adm. U.S.D.A. 


iiffective control of the gypsy moth involves four 
interdependent programs—(1) the collection of fe- 
male pupae to obtain sex-attractant material for use 
in traps, (2) extensive surveys by use of traps to de- 
termine general locations of infestation, (3) scouting 
surveys to delimit infestations and to determine 
priority of spraying, and (4) the application of in- 
secticides during the larval period. 

For the trapping surveys special traps are used 
which contain sex-attractant material. The sex at- 
tractant is obtained by collecting female pupae, 
aging the emerging adults, clipping the last two ab- 
dominal segments from virgin moths, and placing 
them in benzene to extract the attractant from the 
sex glands. This material is then stabilized by hydro- 
genation and an amount equal to the strength of 15 
tips is used in each trap. 

Pupae for use in preparing the attractant are col- 
lected in heavily infested areas, usually in New 
England. However, in the last two years scarcity of 
domestic material necessitated the collection of 
pupae in Europe. The survey traps are placed in the 
field before the beginning of the male moth flight— 
that is, not later than early July—and removed the 
latter part of August or early September. 

In the fall and winter months scouting surveys are 
made in the vicinity of traps where male moths were 
caught. Other scouting is carried on to delimit areas 
of previously known infestations, as well as at trans- 
portation terminals, recreation areas, State parks, 
and other places where infestation could be started 
by the carriage of egg masses or living larvae by 
vehicles. 

These surveys provide a sound basis for the plan- 
ning of spraying operations where the prospect of 
damage by defoliation and the hazard of spread are 
the greatest. 

Since 1946 DDT has been used almost exclusively 
for the control of the gypsy moth. It is most effec- 
tive in a 12-per cent oil solution applied at the rate of 
1 gallon per acre. 

Spraying is done in the spring from aircraft and 
with mist blowers. Woodland spraying is accom- 
plished with aircraft after precautions have been 
taken to avoid contaminating water supplies, fish 
hatt heries, and truck gardens, and to prevent in- 
juring farm animals. The public is kept informed of 
contemplated spraying operations through radio sta- 
tions, newspapers, and, where necessary, by personal 
interview. Mist blowers are used primarily to elimi- 
nate infestations that might be spread by means of 
common carriers. Such infestations may occur in 
woodland road edges, junk yards, tourist homes, gas 
stations, and railroad sidings. To insure uniform ap- 
plication of the insecticide, small glass plates are 
placed on the ground in the areas to be treated and 
upon completion of spraying are examined for spray 
residue. 

The highlights of the project operations during the 
fiscal year ending June 30, 1952, may be of interest. 

In the domestic collection program 479,350 female 
gypsy moth pupae were obtained, from which 183,- 
010 tips were clipped. The foreign program in Portu- 
gal resulted in the collection of 564,000 pupae, from 
which 349,600 tips were secured. 

A pilot test plant was set up in Greenfield, Massa- 
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chusetts, to rear gypsy moths for the purpose of de- 
termining the feasibility of securing large quantities 
of sex-attractant material by this means. Although 
some success was attained, further tests are needed 
before an intensive production program can be 
undertaken. 

The trapping program was carried on in Connecti- 
cut, Massachusetts, Maine, New Hampshire, New 
Jersey, New York, Pennsylvania, Rhode Island, and 
Vermont. A total of 15,710 traps were used in this 
survey of 6,522,515 acres in 768 towns. A total of 
5,397 male moths were caught in 1,392 traps in 185 
towns. 

Testing of the effectiveness of traps was conducted 
on trap lines at Wendell State Forest in Massa- 
chusetts. These tests showed that there is very little 
difference in the efficiency of traps baited with 12, 
14, and 16 tips. It appeared that hydrogenated ma- 
terial had not declined in potency after several years 
of storage. Material kept since 1947 still shows excel- 
lent attracting strength. Domestic laboratory ma- 
terial reared out of season and current material ob- 
tained in Portugal were outstanding. Several] varia- 
tions of trap ends and openings showed little ad- 
vantage over the paper-cone end. The trap as now 
constructed proved more efficient than any other. 

A special test of trap placements confirmed the 
opinion that there is an advantage in placing traps 
along natural flight channels in wooded growth 
wherever possible. Traps placed directly in the open 
are less dependable. 

In the scouting surveys 507,347 acres were scouted 
in Connecticut, New Jersey, New York, Pennsy]l- 
vania, and Vermont. There were 954 infestations 
found—284 in Connecticut, 595 in New York, 1 in 
Pennsylvania, and 74 in Vermont. No infestation 
was found in New Jersey. 

In control operations DDT spray was applied on 
217,141 acres in Connecticut, New York, Massa- 
chusetts, Pennsylvania, and Vermont. Of this total 
202,109 acres were sprayed by aircraft and 15,032 
by blowers. 

In all phases of gypsy moth control the pest- 
control agencies of the states concerned cooperate 
with the Bureau through the assignment of men and 
by providing aircraft or blowers and spray materials. 

Through these cooperative efforts progress is being 
made in eradicating the gypsy moth in Pennsyl- 
vania, eliminating areas of general infestation in 
New York, reducing the intensity of infestation in 
western New England, and minimizing the westward 
spread of the insect. Technical advice and limited 
assistance by the Bureau will continue to be given to 
all States, counties, cities, and towns in the infested 
area, 

Currently the Bureau, in cooperation with the 
states, is conducting an over-all appraisal of the 
gypsy moth problem, with a view to determining 
future policy. A survey is being made beyond the 
known generally infested area to determine whether 
there has been any material extension of general in- 
festation in New England. The program also pro- 
vides for an appraisal of the damage inflicted by the 
gypsy moth over the last two decades through the 
defoliation and killing of trees, and for a determina- 
tion of the susceptibility of the extensive hardwood 
forests in the eastern half of the United States, out- 
side New England, New York and Pennsylvania. 
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Plutella maculipennis Resistance to 


DDT in Java 
Donaup R. Jounson,! U. S. Public Health Service® 


In a recent article by McEwen & Chapman it is 
stated that to the authors’ knowledge, resistance of 
Lepidoptera to certain chlorinated hydrocarbon in- 
secticides had not been reported previously. 

Although it does not constitute true publication, 
in the Thirty-second Newsletter of the University of 
Minnesota Division of Entomology and Economic 
zoology, dated December 18, 1951, page 11, the 
writer was quoted*from a personal communication of 
October 11, 1951, as follows: 

“T also met some younger Dutch entomologists 
doing economic work at the experiment station at 
Bogor—called Institute of Plant Diseases and Pests. 
Their names are de Gunst, Vos, and Ankersmit (and 
they) are doing some interesting work on crop pests. 
One problem . . . is an apparent race of Plutella on 
cabbages which is resistant to DDT in one area of 
Java only. The same species (P. maculipennis, I be- 
lieve) is very susceptible everywhere else in Java.” 

Although the writer did not participate in any of 
this resistance work, he feels that attention should 
be called to it. These studies were made by Ankers- 
mit, who found that Plutella maculipennis larvae in 
Lembang, Java, were definitely resistant to DDT in 
the cabbage fields. When transported to Bogor and 
tested alongside of P. maculipennis larvae from 
atjet, Java, only the Lembang strain exhibited re- 
sistance to DDT. The Patjet strain was extremely 
susceptible. 

According to Dr. Vos, the details of this work will 
be published in the Bulletin of Entomologieal Re- 
search by Mr. G. W. Ankersmit who has returned to 
Holland. The writer feels that the findings of Ankers- 
mit will be of interest to other workers studying the 
resistance of Lepidoptera to DDT insecticides. 


LITERATURE CITED 


McEwen, F. L., and R. Keith Chapman. 1952. 
Imported cabbageworm resistance to in- 
secticides. Jour. Econ. Ent. 45: 717-22. 

1 The writer wishes to thank Dr. H. Vos, Institute of Plant 

Diseases and Pests, Bogor, Java, Indonesia, for verifying the 

details reported herein. 

2 Presently assigned to U. S. Technical Cooperation Adminis- 
tration, Djakarta, Indonesia. 


Southern Cornstalk Borer Control 
with Methoxychlor, DDT, 
Isodrin and Endrin’ 


Cuares H., Brert,? Raleigh, N. C. 


The southern cornstalk borer Diatraea crambi- 
doides (Grote) is one of the most destructive corn in- 
sects in many areas of the South. Leaves may be at- 
tacked while still in the whorl, causing them to be- 
come ragged and broken. This resembles damage 
caused by some other insects, particularly the fall 
armyworm and corn earworm. It would be included 
among those destructive species commonly referred 
to as shatter worms, rag worms, or bud worms. Two 
broods occur in North Carolina. As the larvae de- 
velop they bore downward into the taproot where 
they overwinter. Some control has been obtained by 
cultural methods, particularly delayed planting in 
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Table 1.—Comparative control of four insecti- 
cides on the southern cornstalk borer, Diatrae: 
crambidoides (Grote). Entire plants were 
sprayed August 26, September 3, 9, 16, 30, and 
October 7. Corn was planted August 13 ani 
Examined October 28. 





























Pounpbs STALKS 
PER ACRE Tun- ConrTaAIN- 
PER TREAT- NELED ING 
INSECTICIDE MENT STALKS LARVAE 
Methoxychlor 1.0 52% 20% 
DDT 1.0 38 26 
Isodrin 0.5 0 0 
0.25 Q 0 
Endrin 0.25 l 0 
0.12 si 0 





the spring to escape the first generation. Insecticides 
generally have been ineffective in the past. 

Treatments in this experiment were made with 
tank-type garden sprayers. The plots were 40 feet 
long and four rows wide. Ioana sweet corn was 
planted August 13, 1952, at the Coastal Plains Ex- 
periment Station near Faison, North Carolina, Each 
treatment was replicated four times and sprays were 
applied August 26, September 3, 9, 16, 30 and Oc- 
tober 7. Twenty-five gallons of liquid were used per 
acre in each of the first four applications, 50 gallons 
per acre in the last two. The same amount of actual 
insecticide was used in each of the six applications. 
‘Treatment per acre for each application was as fol- 
lows: Methoxychlor, 1 pound; DDT, 1 pound; 
isodrin, 0.5 pound; isodrin, 0.25 pound; endrin, 0.25 
pound; and endrin, 0.12 pound. 

Twenty-five stalks from each plot were pulled 
October 28, each stalk was completely examined. 
Larvae often start tunnels which they subsequently 
leave. These were scored as accurately as possible. 
When a larva was found in the tunnel, it invariably 
had located itself down in the taproot. Considerable 
activity was evidenced by the number of tunnels in 
the Methoxychlor and DDT treated plants. About 
25 per cent of these plants contained larvae. None of 
the isodrin or endrin treated plants contained larvae. 
However, there was some evidence of tunneling in all 
except with isodrin at the rate of 0.5 pound per acre. 
The extent of this can be seen in Table 1. Untreated 
plants were completely destroyed by the southern 
cornstalk borer plus the fall armyworm. The tallest 
and best silked plants were those which had been 
sprayed with 0.12 pound of endrin per acre. These 
matured well and would have produced a good crop 
except for freezing weather. Plants from the other 
treatments showed more stunting which may have 
been due to phytotoxicity of insecticides, solvents, 
emulsifiers or a combination of these. From the 
standpoint of plant development 0.12 pound of 
endrin per acre was the most satisfactory treatment. 

1 Contribution from the Entomology Department. Published 
with the approval of the Director as paper No. 462 of the 
JOURNAL Series. 


2 Associate Professor of Research in Entomology, North 
Carolina Agricultural Experiment Station, Raleigh. 
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Another European Cherry Leafhopper 
in North America 


Heraert H. Ross, Illinois Natural History Survey, 
Urbana, Illinois 


In 1950 during an opportunity to collect leaf- 
hoppers in Vancouver, British Columbia, I obtained 
a series of eight males and five females of the Euro- 
pean species Erythroneura flammigera (Geoff.). These 
were all taken on cultivated cherry between August 








Fic. 1.—Male genitalia of Erythroneura flammigera. 

1, pygofer, lateral aspect; 2, pygofer hook, dorsal 

aspect; 3, aedeagus, lateral aspect; 4, style, ventro- 
lateral aspect. (Figures 3 and 4 after Ribault.) 


t and August 12. To my knowledge this is the first 
record of this Palearctic species in North America, 

This small leafhopper, 3.5 mm. long, is a prettily 
marked species with a whitish background, faint 
pink stripes on the head and pronotum, a large 
brown splotch covering the mesonotum, and bright 
red markings forming a zig-zag line on each side of 
the meson, tapering into the dusky wing apex. The 
genitalia, figs. 1-4, are of the primitive type usually 
referred to the subgenus Zygina, as follows: Pygofer, 
fig. 1, with a scattering of long setae; pygofer hook 
fused for its basal half with the near side of the 
pygofer, the free portion projecting as a slender 
finger, fig. 2; style, fig. 4, of only moderate length, its 
apex arcuate; aedeagus, fig. 3, simple, short, moder- 
ately deep, without any processes or other adorn- 
ments, 

Ribault (Faune de France 31, 1936) reports the 
species as probably common over all Europe and 
gives as its food plants a wide variety of shrubs and 
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trees. In 1950 in Vancouver the species was taken 
only on cultivated cherry, although collections were 
made on almost all the other species of deciduous 
trees in the vicinity. 


Soil Insecticides for Control of Woolly 
Apple Aphids on Nursery Stock' 


E. H. Steater, U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


In the spring of 1949 and again in 1950, experi- 
ments were conducted at Waynesboro, Virginia, for 
the control of the woolly apple aphid, Eriosoma 
lanigerum (Hausm.), on the roots of nursery apple 
trees. The following insecticides were tested as soil 
treatments in one or both years: DDT, toxaphene, 
chlordane, parathion, BHC, aldrin, and dieldrin. All 
these insecticides were applied as dusts containing 
10 per cent of the toxicant, with the exception of 
BHC, which contained 10 per cent of the gamma 
isomer and 66 per cent of other isomers. 

EXPERIMENTS IN 1949.—The dusts were applied 
by hand in the furrows just before the apple seed- 
lings were planted. The roots, therefore, came close 
to or in actual contact with the insecticides. The 
dusts were used at the rates of 10, 20, 30, and 40 
ounces per 25 feet of row. For each treatment four 
unit replicates were set up in a restricted, random- 
ized arrangement. In all, 75 to 117 trees were in- 
cluded in the four replicates of each treatment. There 
were 397 trees in the checks. 

The trees were dug in the spring of 1952, at which 
time observations were made on the degree of insect 
infestation and general vigor of the trees, The results 
of the experiments are given in table 1. 

In festation by the woolly apple aphid is usually 
spotty in apple nurseries; hence the results reported 
in this paper should be considered only as rough ap- 
proximations of what might be expected from the 
treatments. It will be noted that chlordane was the 
most satisfactory material, followed in order by 
toxaphene, parathion, and DDT. The growth of 
trees receiving the same treatment varied consider- 
ably. None of the materials, with the exception of 
BHC, caused any visible tree injury. 

Stanley (1951) conducted similar experiments in 
1949 but used root grafts in place of seedlings and 
much smaller quantities of insecticides. He obtained 
good control of the aphid with BHC and chlordane, 
and found no injurious effects on the nursery stock. 

EXPERIMENTS IN 1950.—A small part of the plant- 
ing made in 1949 was reserved for additional tests in 
1950, when the trees had become established after 
1 year’s growth. This year the dusts were applied to 
the surface of the soil as a band 4 to 6 inches wide on 
each side of the nursery row. They were then cov- 
ered with 1 to 2 inches of soil. From 19 to 34 trees 
were used for each treatment and 81 for the checks. 

The trees were dug and examined in the spring of 
1952. As shown in table 1, there was little or no in- 
festation in any treated plots except where DDT was 
applied at 10 and 30 ounces and chlordane at 40 
ounces per row. A finding of special interest was that 
BHC applied in this manner caused no injury. None 
of the other treatments injured the trees. 


1 Presented at the meeting of the Eastern Branch of the 
American Association of Economic Entomologists at Baltimore 
Md., November 24-25, 1952. 
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Table 1.—Results of tests of soil insecticides 
against the woolly apple aphid on apple nursery 
stock, Waynesboro, Va., 1949-50. 








Per Cent or TREES INFESTED 
OUNCES OF — 


Dust PER 1949 
25 Freer Experiment Experiment 
DDT 
10 34 26 
20 34 0 
30 18 16 
410 3 0 
Toxaphene 
10 9 -- 
20 5 — 
30 ta] 
40 0 
Chlordane 
10 0 0 
20 0 0 
30 l 0 
410 0 16 
Parathion 
10 14 
20 15 - 
30 7 
40 7 
BHC! 
10 All trees 0 
20 killed 0 
30 0 
10 0 
Aldrin 
10 0 
20 0 
30 l 
10 1 
Dieldrin 
10 $ 
20 0 
30 0 
40 0 
None (check) 33 23 





110 per cent of gamma and 66 per cent of other isomers. 


In 1948 Gould & Hamstead (1951) applied several 
insecticides to soil in which I-year-old apple trees 
had been planted. BHC was particularly effective 
against the aphid and the trees made an outstand- 
ingly vigorous growth. 

SuMMARY AND ConcLustons.—Experiments were 
made in 1949 and 1950 in Waynesboro, Virginia, to 
test the value of soil treatments for the control of 
the woolly apple aphid, FEriosoma lanigerum 
(Hausm.), on nursery apple trees. The following ma- 
terials were applied in dust form at dosages of 10 to 
40 ounces per 25 feet of row: DDT, toxaphene, 
chlordane, parathion, BHC, aldrin, and dieldrin. 

In 1949, when the insecticides were distributed in 
furrows just before the trees were planted, BHC 
killed all trees; none of the other materials caused 
injury. Chlordane gave the best control of the aphid, 
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followed by toxaphene. DDT was the least effective 
and parathion had an intermediate value. 

In 1950, when the trees were 1 year old and all ma- 
terials were applied to the surface soil along the row, 
BHC caused no injury and there was no aphid in- 
festation on any of the trees treated with it. None of 
the other treatments injured the trees, and there was 
little or no aphid infestation except in certain plots 
treated with DDT and chlordane. 

The results indicate that there is promise of con- 
trolling the woolly apple aphid on nursery stock 
through the use of some of the new insecticides ap- 
plied as soil treatments. 

LireRATURE CITED 
Gould, Edwin, and Elwood O. Hamstead. 1951, 
The toxicity of cumulative spray residues 
in soil. Jour. Econ, Ent. 44(5): 713-7. 
Stanley, W. W. 1951. Experiments to control the 
woolly apple aphis on nursery stock. Jour. 
Econ. Ent. 44(5): 1006. 


The Alfalfa Weevil in Maryland! 


F. W. Poos, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine, and T. L. 
Bisse, University of Maryland? 


The alfalfa weevil, Hypera postica (Gyll.), has 
been an important pest of alfalfa in the intermoun- 
tain area of the west for nearly 50 years. Now it has 
appeared in Maryland. Other eastern states known 
to be infested with it are Delaware, Virginia, New 
Jersey, and Pennsylvania (Bissell et al. 1952). 

Our first recognition of the alfalfa weevil in Mary- 
land was on April 14, 1952, when taxonomists of the 
U.S. Bureau of Entomology and Plant Quarantine 
identified specimens collected in) Anne Arundel 
County on July 14, 1951, and in Baltimore County 
on April 8, 1952. Because of the potential importance 
of this weevil, a State-wide survey was made to de- 
termine the distribution, Field observations on its 
seasonal history and habits, supplemented by ma- 
terial brought into the insectary, were made, pri- 
marily to determine whether a second generation oc- 
curs in the East. 

Scouting for the weevil was begun on April 17 and 
was continued throughout the summer. Sweepings 
were made in 168 fields in 22 counties. Fifteen coun- 
ties in Maryland are now known to be infested. The 
range extends from Worcester County in the south- 
east to Carroll County in the north-central area. No 
weevils were collected west of Carroll or south of 
Prince Georges County. The infestation centers in 
Baltimore and Harford Counties, where weevils were 
found in all fields sampled and where damage to 
alfalfa in 1952 was severe enough to concern growers. 
Appreciable damage occurred also in scattered fields 
in Cecil, Anne Arundel, and Queen Anne Counties. 

Adult weevils were found on alfalfa in considerable 
numbers on a farm near Long Green, Baltimore 
County, on April 17. On April 30, 369 weevils were 
taken in 500 net sweeps at the same place. Larvae 


1 Scientific article No. A385; Contribution No. 2399; Mary- 
land Agricultural Experiment Station, Department of En- 
tomology. Presented at the meeting of the Eastern Brancli of 
the American Association of Economic Entomologists at Balti- 
more, Md., November 24-25, 1952. 

2 The authors are indebted to H. S. McConnell and Warren 
Johnson, University of Maryland, and to Willard N. Smith, 
W. H. Anderson, and R. E. Warner, U.S. Bureau of Entomology 
and Plant Quarantine, for information used in this report. 
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were also abundant, and feeding was noticeable. By 
May 22 injury by larvae was conspicuous on other 
farmas in the area, Cocoons of the alfalfa weevil were 
first observed on May 19 in Caroline County. 

One of the severest infestations observed was on a 
farm near Annapolis, which was first visited June 10, 
about 2 weeks after the first cutting. The crop had 
been greatly reduced, and extreme damage was evi- 
dent on scattered uncut stems from which weevils 
had stripped both leaves and stem surfaces, Weevils 
had largely prevented second growth so that the 
field was practically bare. Few insects were to be 
seen, but there were many empty cocoons on the 
ground, Owing to damage by the weevil, and possi- 
bly other causes, the alfalfa made little new growth 
and was soon plowed under. 

In a field near Kingsville, Baltimore County, the 
alfalfa was damaged extensively on June 3, and 
larvae and cocoons of the weevil were abundant. By 
June 17 larvae and adults in a ratio of 150 to 1 were 
collected in this field. Some damage to the second 
crop was noted on June 25 and also during July. 
What appeared to be new-generation adults were 
collected on July 16. When taken to the insectary, 
they readily deposited eggs, which hatched by July 
25. The larvae spun up by August 5, and adults be- 
gan to emerge by August 11. Collections were made 
during August and September with similar results. 
From half-grown larvae collected in the field on Sep- 
tember 8, adults emerged in the insectary on Sep- 
tember 29, These findings indicate that more than 
one generation of the alfalfa weevil developed in 
Maryland during 1952. 

Yakhontov (1934) reported that after the female 
beetles emerge there is a diapause, and where the 
temperature does not fall below 12° C, nor rise above 
25°, about 55 to 60 days must elapse before sexual 
maturity is reached. Michelbacher & Leighly (1940) 
reported that the alfalfa weevil passes through more 
than one generation in lowland middle California, 
where climatic factors in the spring may not differ 
significantly from those of the upper Chesapeake 
Bay section of Maryland. 

Minimum periods of development of the alfalfa 
weevil observed in the insectary at Beltsville during 
1952 were as follows: Egg incubation 7, larval feed- 
ing 12, and pupal period 5 days. One difference noted 
in the habits of the species in the East as compared 
with those reported in the West was that many of 
the cocoons were found near the top of the alfalfa 
plants in Maryland, as well as on the ground where 
nearly all the cocoons are found in the West. 

Our observations indicate that the pest may be- 
come economically important in this area and that 
altalfa growers may be forced to employ control 
measures against it in order to produce a profitable 
crop. These notes are presented in the hope of stimu- 
lating research on the alfalfa weevil in the East. 


LirerRaATURE CirED 

Bissell, T. L., et al. 1952. The alfalfa weevil 
(Hypera postica). U. S. Bur. Ent. and 
Plant Quar., Coop. Econ. Insect Rpt., 
Vol. 2, Nos. 1, 2, 6, and 11. 

Michelbacher, A. E., and John Leighly. 1940. 
The apparent climatic limitation of the 
alfalfa weevil in California. Hilgardia 
13(3): 101-39. 

Yakhontov, V. V. 1934. (The alfalfa weevil or phy- 
tonomus [Phytonomus variabilis Hbst.|). 
Scientific Research Cotton Institute of 

Middle Asia, Tashkent. 


ScIENTIFIC NOTES 





179 


A European Flea Beetle Injuring 
Crucifers in North America’ 


H. E. Mrutrron,? Delaware Agricultural 
Experiment Station, Newark 


During the 1951 season, a survey was conducted to 
determine the major insect pests of cole crops in 
Delaware. Although several species of flea beetles 
were found to be economically important, one spe- 
cies in particular was extremely abundant through- 
out the state on cabbage, cauliflower and broccoli, 
as well as on kale, radish and turnip. Injury by this 
pest was most extensive and noticeable on cabbage, 
especially young plants. On a previous occasion, in 
1947, this same flea beetle came to the attention of 
the writer as a pest of cabbage in Minnesota, and 
was identified then by L. G. Gentner as Phyllotreta 
columbiana, It had been described as a new species 
under that name by F. H. Chittenden in 1927. Re- 
cent examination of material in the United States 
National Museum, from both North America and 
Europe, has led to the conclusion that P. columbiana, 
masquerading as one of our native flea beetles, is in 
reality identical with the well-known European 
species, P. cruciferae (Goeze). This synonymy was 
recognized by the late H. S. Barber as early as 1945, 
but apparently his conclusion was never published. 
European material studied in the National Collec- 
tion was identified by F. Heikertinger, an authority 
on the Halticinae; while the North American ma- 
terial included a paratype, additional specimens 
from Canada and the United States that were 
identified by Barber, and numerous individuals 
collected during 1951 in Delaware. 

This species appears to have been introduced on 
the West Coast of North America early in the nine- 
teen twenties. The type series of columbiana was 
collected in 1923 at Agassiz, British Columbia. Our 
record from Minnesota in 1947 was the most east- 
ward one then known to Gentner. However, speci- 
mens are now at hand that were taken in quarantine 
at Philadelphia in 1943, on turnips shipped from 
Europe. In view of the latter record, and the present 
abundant occurrence of the species in Delaware, it is 
probable that cructferae was introduced also some- 
where on the East Coast within the past ten or 
fifteen years. 

This flea beetle closely resembles our native P. 
lewisti (Crotch), which has been referred to as the 
Crucifer Flea Beetle. One of the principal food plants 
of adults of the imported species in this country is 
wild mustard, which may explain its rapid and ex- 
tensive distribution inland from the coastal areas. 
Cruciferae should be regarded as one of the impor- 
tant pests of cultivated crucifers, although it proved 
to be less destructive in 1952 than in the preceding 
year, Wherever it occurs abundantly, it causes se- 
vere crop damage, in much the same manner as that 
described for a related, smaller species, Phyllotreta 
aerea Allard, 


1 Published as Miscellaneous Paper No. 162, with the ap- 
proval of the Director of the Delaware Agricultural Experiment 
Station. Publication 248 and Scientific Article 170 of the De- 
partment of Entomology, December 4, 1952. 

2 Assistant Research Professor, Entomology. 
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Aldrin and Dieldrin as Soil Insecti- 
cides to Control Plum Curculio 


Outver I. Snapp,! U.S.D.A., Agr. Res. Adm., Bureau 
of Entomology and Plant Quarantine 


Treatment of soil to kill the plum curculio, 
Conotrachelus nenuphar (Hbst.), in.the larval and 
pupal stages has been under study for a number of 
years at the Fort Valley, Ga., laboratory of the 
Bureau of Entomology and Plant Quarantine. The 
object has been to eliminate the use of an insecticide 
on the fruit. Earlier work by the writer (Snapp 1939, 
1942, and 1945) dealt with a fumigant dichloro-ethy] 
ether. The purpose of this paper is to report the re- 
sults of experiments in 1952 with aldrin and dieldrin 
worked into the soil for the control of the plum 
curculio during its immature stages and also against 
adults in the soil. Favorable results with these in- 
secticides for control of this curculio in the soil have 
recently been reported by Fluke & McIntyre (1952). 

EQUIPMENT AND ProcepURE.—Ten _pupation 
boxes to hold 1 square yard of soil 6.5 inches deep 
(Snapp 1939) were placed in the insect-rearing room 
of the laboratory in March and filled with Greenville 
clay loam from a peach orchard. Two of these boxes 
were left untreated. On May 2 the remaining boxes 
received enough dust containing 2.5 per cent of 
aldrin or 1.5 per cent of dieldrin to provide a dosage 
of 2 or 4 pounds of the toxicant per acre. The dust 
was applied to each box with a household sugar 
shaker or sieve and then worked into the soil with a 
small hand rake to a depth of 3 inches for 5 minutes. 
Each treatment was applied to two boxes. Only full- 
size larvae were used, 750 being placed in each box 
between May 3 and 8. 

Adult plum curculios began to emerge on May 81, 
and from that date until emergence ceased the adults 
were removed and recorded from each box daily. 


Table 1.—Results of experiments with aldrin 
and dieldrin worked into the soil for the control 
of the plum curculio, Fort Valley, Ga., 1952. 





PER CENT 
OF EMERGED 
BEETLES 
ALIVE ON 


PER CENT 
EMERGING 


INSECTICIDE 
(POUNDS PER 


ACRE) 4s ADULTS JuLY 22 
Aldrin 

Q 0.3 60.0 

4  ; 28.6 
Dieldrin 

Q 8.4 80.6 

t 4.9 55.4 
None 67.9 89.3 





They were then placed in cages in the insectary, 
where they were fed on unsprayed peach fruit and 
foliage and held for observation on the effect of the 
insecticides on the adults as they worked their way 
out of the soil to emerge. 

Resutts.—The treatments applied and the results 
obtained are given in table 1. Each figure is the 
average of the data from duplicate treatments. 
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The results of these experiments show that aldrin 
worked into the soil was highly effective against the 
plum curculio during its immature stages and that 
dieldrin was fairly good. A number of the larvae that 
reached the adult stage and managed to get to the 
top of the soil died there. Most of these beetles were 
from the soil treated with dieldrin. They were not 
included in the figures used to compute the per- 
centages given in Table 1. 

Some of the adults that emerged from the treated 
soils had evidently been affected by the treatment, 
for many of them died soon after emergence. Later 
observations showed little more than normal mor- 
tality of adults alive after the first observation. 

The results of these experiments may well pave 
the way for the use of an insecticide, alone or in- 
corporated with a fertilizer, to be applied under the 
spread of peach trees and worked into the soil to con- 
trol the plum curculio and to nourish the trees. 


LITERATURE CITED 
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Diabrotica undecimpunctata howardi 
Parasitized by Celatoria diabroticae 


T. E. Summers! and E. W. Starrorp? 


During the course of an investigation concerning 
various insects as possible vectors of a virus disease 
of oats prevalent in the mid-South the authors noted 
that a large number of adult southern corn rootworm 
beetles, Diabrotica undecimpunctata howardi Barber, 
were parasitized by the tachinid Celatoria diabroticae 
Shimer. Slightly more than 35 per cent of a lot of 
three thousand beetles collected on oats in southern 
Mississippi during February and March, 1951, were 
parasitized. The parasite was observed to emerge 
from 19 per cent of a lot of 1,000 beetles collected 
during a similar period in 1952. 

These observations indicate that the tachinid 
Celatoria diabroticae may be of considerable impor- 
tance in the biological control of the southern corn 
rootworm in Mississippi. 


1 Division of Cereal Crops and Diseases, BPIS&AE, State 
College, Mississippi. aK Cae 
2 Mississippi State College, State College, Mississippi. 
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Sulfathiazole in Relation to American 
Foulbrood Disease of Honey Bees 


J. E. Eckert, University of California, Davis 


\[any beekeepers have become familiar with the 
use of sodium sulfathiazole in the treatment of 
American foulbrood of bees since its use was first re- 
ported by Haseman and Childers in 1945, The de- 
gree of success resulting experimentally and under 
general beekeeping conditions in treating this brood 
disease of bees has been influenced largely by the 
thoroughness of the methods employed and by con- 
ditions existing during the period of the treatment. 
Qur observations have been continued since the 
previous report! in order to determine whether or not 
satisfactory results could be assured if certain con- 
ditions were met during the time the infected colony 
was under the influence of the medicant. 

Our first experiences in treating infected colonies 
were obtained by attempting to get the colonies to 
consume or to move all of their natural stores while 
they were being fed sulfathiazole syrup, on the sup- 
position that if natural stores were moved they 
would be mixed with the sulfa syrup. This involved 
reversing the first and second stories of two-story 
colonies, crushing surfaces of honey stored in the 
combs, and moving combs from the side walls to- 
ward the centers of the brood areas. In some in- 
stances, sulfathiazole syrup was shaken into the 
brood cells, or sulfa-powder was dusted over the 
brood area and adjacent cells of combs. These 
methods were sometimes effective when only a small 
number of brood cells were infected but the disease 
recurred in other instances when the initial infection 
was present in a majority of the brood combs. The 
recurrences apparently were caused by the presence 
of spores of Bacillus larvae in the natural stores or in 
brood cells outside of the brood area which were in- 
fected before the colony had access to the sulfa- 
syrup. Under such conditions the disease was elimi- 
nated from the active brood area but not from other 
portions of the combs. 

These uncertain results caused us to adopt ad- 
ditional safeguards to assure that all stores in the 
infected colony contained sulfathiazole and that all 
brood cells were thoroughly cleaned by the bees in 
preparation for brood. Our treatments, then, con- 
sisted of extracting? all of the original stores of 
honey from the infected colony and diluting the 
honey 50 per cent with hot water in which one-half 
gram of sodium sulfathiazole was dissolved for each 
gallon of the honey syrup. This medicated syrup 
was fed back to the colony either by entrance feeders 
or by the usual ten-pound friction top honey tins, 
with perforated lids, inverted inside a hive body 


A RevisED STATEMENT ON THE HEALTH Hazarps OF 
INSECTICIDE VAPORIZERS AS USED FOR THE Con- 
Trou or Fiyina Insects. 

The Interdepartmental Committee on Pest Con- 
trol in consideration of additional data has revised 
its release of September 21, 1951 regarding the use of 
lindane, DDT or mixtures of the two in insecticide 
vaporizers to read as follows: 

1. The insecticide should be continuously released 
over a 24-hour period at the rate not to exceed 1 
gram per 15,000 cubic feet per 24 hours. The dis- 
pensing rate per hour should not vary more than 25 
per cent. Devices should be so constructed that out- 
put in excess of that recommended is impossible. 

’. Tnstallation should be made only in commercial] 








ScIENTIFIC NOTES 181 


over the brood chamber. Old capping melter honey 
or off-grade honey was used as additional feed, when 
available, and was simply diluted and the sulfathia- 
zole added. Feeding was continued as long as any 
disease was found in any portion of the hive. Dur- 
ing the feeding process, all combs were gradually 
worked through the center of the brood chamber to 
force the bees to use all of the old pollen and to get 
them to clean thoroughly all of the cells for brood. 
We found that unless this was done, the bees would 
not clean out all of the AFB scales from brood cells 
outside of the brood area. In a majority of cases, the 
bees removed the scales in small pieces without 
tearing down the cell walls, although in one colony 
the cells of old, infected combs were torn down to the 
midrib and then rebuilt. 

Sometimes the medicated syrup was shaken into 
the brood cells at the beginning of the treatment but 
this took more time, was less exact, resulted in a 
maximum disturbance of the colony, and invited 
robbing under certain conditions to a greater extent 
than when feeding was done by feeders inverted 
inside of hive bodies placed over the brood chambers. 

In hives where the combs were badly infected with 
AFB, small piles of scale fragments and comb ma- 
terial accumulated on the ground in front of the 
entrances, These were soon dissipated by the wind or 
disappeared through other forces. They were not at- 
tractive to bees and did not prove a source of infec- 
tion for other colonies in the apiary. 

In order to hasten the production of brood in all 
combs exposed to the disease in the original colony, 
two- and three-story colonies were divided and made 
into separate colonies with laying queens. Two to 
four pounds of bees from other colonies were added 
when necessary to make the colonies strong enough 
to cover a majority of the combs in each hive body. 
During spring and summer treatments, the surplus 
medicated syrup was extracted, diluted, the usual 
amount of sulfathiazole added and then fed back to 
the colony. This was done to limit the total amount 
of syrup fed, to make the combs available for brood 
rearing, and to maintain the stimulus of feeding. In 
some instances, badly infected brood combs were 
replaced with frames of foundation or drawn combs. 

A chemical analysis of honey extracted from a 
sulfa-fed colony indicated that the sulfathiazole con- 
tent had increased from 580 mg. per gallon of syrup 
to 850 mg. per gallon of honey. This increased 
amount did not harm the bees or brood when the 
honey was diluted, additional sulfathiazole added, 
and then fed back to them. 


1A continuing report from Jour. Econ. Ent. 40(1):41-+4, 
1947. 

2 A small extractor was used for the purpose and was washed 
thoroughly with hot water to remove all traces of the honey. 


or industria] premises, and similar locations where 
human exposure will be on a working-day basis—not 
continuous. 

3. The devices should not be used in homes or 
sleeping quarters. 

4. Unless it can be demonstrated that contamina- 
tion does not occur, the Committee recommends 
against the use of insecticide vaporizers in rooms or 
areas where food is served, processed or stored. 

5. The Interdepartmental Committee has no evi- 
dence that other insecticides when used in vaporizers 
in space occupied by humans or where food is present 
are effective or safe. 

H. L. Hauuer, Chairman 
S. W. Srumons, Secretary 
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Benzene Hexachloride to Control 
Meadow Spittlebug 


B. A. App, U.S.D.A., Agr. Res. Adm., Bureau of 
Entomology and Plant Quarantine, and 
C. R. Weaver, Ohio Agr. Expt. Sta. 


The use of BHC and other insecticides for the 
control of the meadow spittlebug, Philaenus leucoph- 
thalmus (L.), has been recommended by several 
states. During 1950 and 1951 thousands of acres of 
legumes in Ohio were treated for the control of 
nymphs of this pest. On much of this acreage dusts 
or sprays were applied by airplane. The experiments 
herein described were conducted to compare the 
effectiveness of BHC applications by airplane with 
those by ground equipment. In both years some of 
the experiments were conducted on the farm of the 
Agricultural Experiment Station at Wooster. Other 
experiments were conducted at Delaware in 1950, 
and at Columbus in 1951. 

EXPERIMENTS IN 1950.—At Wooster in 1950 an 
emulsion spray and a dust containing BHC were 
applied by airplane and a suspension spray and an 
emulsion spray with a power sprayer mounted on a 
jeep. The airplane treatments were made on dupli- 
cated plots containing a mixture of red clover, 
alfalfa, and grass, each 50 by 250 feet, and the power 
sprayer on triplicated plots, each 13 by 250 feet. In 
addition, duplicate plots, each 50 by 250 feet, were 
left untreated. 

The dust containing 1 per cent of the gamma iso- 
mer was applied at the rate of 20 pounds per acre. 
The suspension spray prepared from a wettable 
powder containing 10 per cent of the gamma isomer 
was used at 2 pounds per 100 gallons of water per 
acre, and the emulsion spray was used at 0.2 gallon 
of an emulsifiable concentrate containing 11 per cent 
of the gamma isomer in 9 gallons of water per acre. 

It was the original intent to treat all the plots with 
sufficient BHC to give 0.2 pound of the gamma 
isomer per acre, but the actual amounts of spray 
applied by the airplane were variable because the 
operator was not well acquainted with the delivery 
rates of the equipment. 

All the materials were applied on May 12, and the 
effectiveness of each treatment was evaluated on 
May 24 by counting the stems of red clover that 


Table 1.—Comparison of aerial and ground ap- 
plications of BHC to a red clover-alfalfa-grass 
mixture for control of spittlebug nymphs. 
Wooster, Ohio. May 1950. 





Repwuc- 

GAMMA TION IN 
IsomMeER INFESTED IN¥ESTED 

PER ACRE STEMS STEMS 


Pound Per Cent Per Cent 
Untreated -— 66 — 


TREATMENT 


Applied by airplane 


Emulsion spray 0.4 0 100 
0.1 28 58.2 
Dust 0.2 25 62.0 


Applied by ground equipment 
Suspension spray 0.2 3 95. 
Emulsion spray 0.2 6 90. 


Or eo 
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Table 2.—Comparison of aerial and ground ap- 
plications of BHC to red clover for spittlebug con- 
trol. (Dosage 0.2 pound of gamma isomer per 
acre.) Delaware, Ohio. May 1950. 








REDUCTION IN 


Infested 


Inrestep ToTaL ‘ 
TREATMENT Stems NYMPHS Stems Nymphs 
Per Cent Number Per Cent Per Cent 
Untreated 46 364 - - 


Applied by airplane 

Dust 16 78 65.5 78.6 
; Applied by ground equipment 
Suspension spray 2 7 95.7 98.1 
Emulsion spray 1 4 97.1 98.9 





were infested with spittlebug nymphs, 600 stems 
being examined in each treatment. The results are 
shown in table 1. 

Emulsion spray applied by airplane at 0.4 pound 
of the gamma isomer per acre furnished perfect con- 
trol. Suspension and emulsion sprays applied with 
ground equipment reduced the number of infested 
stems more than 90 per cent. Emulsion spray applied 
by airplane at 0.1 pound of the gamma isomer per 
acre and airplane dust at 0.2 pound did not give 
satisfactory control. 

In a similar test near Delaware, a dust was applied 
by airplane to strips of red clover 50 by 250 feet and 
suspension and emulsion sprays were applied by 
ground equipment to strips 13 by 250 feet. Un- 
treated strips 24 by 250 feet were used as checks. All 
the treatments were replicated three times. The 
dust was applied at 30 pounds of a 0.66-per cent 
gamma material per acre and the sprays were the 
same as described in the Wooster experiment. The 
ground treatments were made on the afternoon of 
May 8 and the airplane applications early in the 
morning of May 9. The effectiveness of the various 
materials was determined on May 22 by examining 
20 samples of 5 stems in each plot and recording the 
infested stems and nymphs. The data are tabulated 
in table 2. 

Suspension and emulsion sprays applied with 
ground equipment were much more effective than 
dust applied by airplane. According to the plane 
operator, the airplane was delivering the correct 
dosage of dust. A slight wind was blowing at the 
time of application and some drift occurred, prob- 


Table 3.—Comparison of aerial and ground 
equipment for applying BHC to red clover for 
spittlebug control. (Dosage 0.25 pound of gamma 
isomer per acre.) Columbus, Ohio. May 1951. 








REDUCTION IN 
Tora. Infested 


INFESTED 
TREATMENT STEMs NYMPHS Stems Nymphs 





Per Cent Number Per Cent Per Cent 


Untreated 88 475 - — 
Applied by airplane 
Dust 79 327 10.2 31.1 
Emulsion spray 4 5 94.5 98.9 
, Applied by ground equipment 
Emulsion spray: 
High-volume 2 2 97.7 99.6 
Low-volume 0 0 100 100 
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ably contributing to the poorer control from the air- 
plane dusts. ; 

[EXPERIMENTS IN 1951.—Experiments at Wooster 
in 1951 included aerial applications with two vol- 
umes of spray and two of dust at two different times. 
However, in these experiments practically all the 
spittlebug nymphs in the check plots were killed, 
and only on the windward side could any numbers 
of the insect be found. This mortality in the checks 
was probably due to drift from the airplane applica- 
tions. The only conclusion obtained from these ex- 
periments was that the airplane treatments were 
sufficiently effective to furnish adequate control, 
even though it did not entirely cover the field in its 
flights. 

At Columbus an emulsion spray and a dust ap- 
plied by airplane and emulsion sprays applied with 
ground equipment were compared. Plots of red 
clover 100 by 250 feet were used for the airplane 
treatments and plots 50 by 250 feet for the ground 
applications and the check areas. All treatments 
were arranged in randomized blocks replicated four 
times. A single swath was treated in the middle of 
each plot. The widths of the swaths covered by air- 
plane were 50 feet for the dust and 30 feet for the 
spray and with ground equipment, 19 feet for high- 
volume and 21 feet for low-volume sprays. The dust 
was l-per cent gamma material applied at 25 pounds 
per acre, and for the spray 1 quart of emulsifiable 
concentrate containing 11-per cent of the gamma 
isomer in 2 gallons of water was applied per acre. 
The high-volume spray was applied at 1 quart of 11- 
per cent gamma material in 40 gallons of water per 
acre and the low-volume at 1 quart in 5 gallons of 
water. All the materials were applied on April 27, and 
the data in table 3 were taken on May 16 by examin- 
ing 25 stems in each plot. 

All the sprays applied either by airplane or ground 
equipment practically eliminated the spittlebug 
nymphs. The dust applied by airplane gave very 
poor control in spite of the fact that nearly ideal 
weather conditions prevailed when it was applied 
in the early morning. The plane operator stated that 
very nearly the calculated amount of dust had been 
delivered. 





Dog Biscuit as a Larval Medium for 
Sarcophaga bullata'’ 


Hupert Frincs and Mase Frings, 
The Pennsylvani’ State College 


\ few years ago one of us (1947, 1948) described 
the successful rearing of house flies on moistened 
fermenting dog biscuit and of blow flies on moistened 
non-fermenting dog biscuit. Since then we have con- 
sistently reared flies on these media with success, 
with only minor changes in technique. We now 
supply liquid milk to the house flies, because this 
produces a better level of oviposition than the dry 
milk powder used previously. Recently a new 
method for handling adults has been developed, and 
this will be described separately. For oviposition of 
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blow flies, we use meat instead of moistened dog 
biscuit. The blow flies will oviposit on moistened 
dog biscuit, but they lay many more eggs on small 
pieces of meat. These are transferred to rearing jars 
containing moistened dog biscuit for larval de- 
velopment. 

The major purpose of this note is to report the 
successful rearing of a Sarcophagid fly, Sarcophaga 
buliata, on moistened dog biscuit by the method used 
for blow flies. The original breeding stock of this 
species was obtained through the courtesy of Dr. 
Leigh Chadwick of the Army Chemical Center, 
Maryland. In his laboratory the flies had been reared 
on horse meat. There was no difficulty encountered 
in rearing them on our medium, however, and the 
flies have been consistently large when reared on 
dog biscuit, if they were not crowded during larval 
life. We rear these flies in a laboratory situated in a 
class-room and office building and find the method 
useful, as noted previously, because of the very low 
level of unpleasant odors produced. 

The rearing method may be summarized briefly 
as follows. Adults are maintained in cages where 
they are furnished water and sugar. For larviposi- 
tion small samples of meat are provided (at present 
we use skinned, dead albino mice of which we have 
an abundant supply available). The larvae, usually 
with the meat sample though not always so, are 
transferred to two-quart size jars about half full 
of moistened dog biscuit. The jars are covered with 
fine screening (60 meshes/in.) held in place by the 
rim of a two piece jar lid. When the maggots are 
ready for pupation, a layer of saw-dust or dry sand 
is added, and the larvae crawl and pupate in this. 
The pupae are then screened out and placed in 
cages for emergence. 

As with blow flies and house flies, a very im- 
portant factor in rearing the larvae is the amount of 
moisture in the dog biscuit used as larval food. If it 
is too dry, the maggots cannot eat it, and if too wet 
they are driven out of it. This can cause embarrass- 
ment to the person rearing them, because the larvae 
then crowd the lid of the jar, weaken the screening 
with their excretory products, and finally escape into 
the laboratory. Experience, however, usually allows 
one to determine before trouble starts when to add 
more water to the dog biscuit and when to add more 
dry dog biscuit to create the proper conditions. 

Sarcophaga bullata has proved to be remarkably 
easy to rear by this method. The larvae are tolerant 
of wide ranges of moisture in their food, the pupae 
are large and easy to sort, and the adults larviposit 
readily on meat or on moistened dog biscuit. 
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Frings, H. 1947. A simple method for rearing 
blowflies without meat. Science, 105: 482. 
Frings, H. 1948 Rearing houseflies and blow- 
flies on dog biscuit. Science, 107: 629-30. 


! Authorized for publication on August 26, 1952 as Paper No- 
1755 in the Journal Series of The Pennsylvania Agricultural 
Experiment. This investigation was supported in part by a re- 
search grant from the National Institutes of Health, Public 
Health Service. 














House Fly Response to Volatilized 





CorRECTION: Omission, PAGE 724, Vou. 45, AUGusT 1952 


The following table was omitted from a paper of 
the above title appearing in a previous issue of the 


Chlorinated Hydrocarbon Insecticides. bccameg pen. Shenae : 
f JOURNAL (Vol. 45(4) : 722-725) and is now presented 
Robert J. Dicke, Glenn D. Moore, in modified form for inclusion with that paper. 
and William L. Hilsenhoff 


University of Wisconsin, Madison 
Table 1.—Effect of volatilized insecticides on the house fly. 






























































Errect on Fires | ActIoN OF RESPONDING FLIES 
(% Torta Pop.) (% Furies in ArMS oF Y-TUBES) 
INSECTICIDE AND In Arms Mori- | Check | Test Chi-Square 
Amount TEsTED Y-tube bund | Arm Arm | Response! Values? 
Methoxychlor | 
50% suspend. cone. 5 gms. 82.0 0 31.8 68.2 | +36.4 10.976** 
Technical grade 5 gms. 73.0 0 $34.3 | 65.7 | +31.4 7.246** 
DDT | 
50% suspend, cone. 5 gms. 77.0 0 36.4 | 63.6 +27 .2 §.727* 
Technical grade 5 gms. 81.0 0 33.3 | 66.7 | +33.4 | 9.000°* 
Dieldrin 
25% suspend. conc. 4 gms. 76.0 5.0 S3.7 | 1:3 + 2.6 | 0.053 
Technical grade 1 gm. 76.0 0 13.4 | $6.6 +13.2 | 1.316 
DDD 
50% suspend. cone. 5 gms. 76.0 6.0 | 75.0 25.0 | — 50.0 | 19.000** 
Technical grade 5 gms. 62.0 | 0 | 54.9 45.1 | —9.8 | 0.581 
Heptachlor 
25% suspend. cone. 4 gms. 41.7 58.: | We 27.9 —44.2 8.395** 
Technical grade Igm. | 49.0 45.0 | 65.8 34.7 —30.6 4.592* 
ee ee bee ee ee en ee ee 
Toxaphene | | 
40% suspend. conc. 6.3 gms. 80.0 | 4.0 | €6.2 | 88.8 —32.4 | 8.450** 
Technical grade 5 gms. 79.0 0 | 68.4 31.6 | -—36.8 10.645** 
——_ —__ —__ | | es — | — $$$ —___ —___ — 
DFDT | | 
25% suspend. conc. 10 gms. 80.0 | 3.0 67.5 82.5 —45.0 | 9.800** 
Technical grade 5 gms. 81.0 0 80.3 19.7 — 60.6 29. 642** 
b ces Beh a5 2 I 9 EY Mae OE) Ea ee Oe ze zl SEES | Se a 
Aldrin 
25% suspend, conc. 4 gms. 85.0 | 0 91.8 | 8.2 —83 .6 59 .306** 
Technical grade 1 gm. 79.0 9.0 | 64.6 35.4 | —29.2 | 7.716** 
Lindane | 
25% suspend. conc. 2 gms. 13:0 | 87:0 | 98:4 7.6 —84.8 | 9.307** 
Technical grade 0.5 gm. 66.0 24.0 Tae 28.8 —42.4 ; 11.879"" 
BHC (95% y-isomer) 

25% suspend. cone. 4 gms. 39.0 45.0 | 7.2 | 26.8 —46.4 8.805** 
Technical grade 1 gm. 56.0 | 26.0 | 80.4 | 19.6 —60.8 | 20.643** 
Chlordane | 
50% suspend. cone." 5 gms. 86.0 7.0 81.4 | 18.6 —62.8 | 33.907** 
Technical grade 2 gms. 76.0 5.0 | 77.6 | 22.4 —55.2 | 23 .210** 

- —— _ = | a . —— — 
Kerosene 
Unrefined 5mls. | 99.0 | 0 90.9 9.1 —81.8 66 .272** 
Insecticide base 5mls. | 92.0 0 | 84.8 15.2 —69.6 | 44.529** 





1 “Response” equals the percent difference in 
secticide compared with the numbers of flies entering the arm leading from an empty check jar. A plus difference (+) equals relative 


attraction, while a minus difference (—) equals relative repellence. 
2 A single asterisk (*) indicate values which are significant (a probability of less than 5%), and a double asterisk 
values which are highly significant (a probability of less than 1%). 





numbers of flies entering the arm of a Y-tube leading from a jar containing the in- 
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Tue Twenty-Tuirp Rocky MountTAINnN CONFERENCE OF ENTOMOLOGISTS 


ihe twenty-third annual Rocky Mountain Con- 
ference of Entomologists was held at the Cameron 
Pass 4- H Club camp August 17 to 21, 1952. The 
officers for the meeting were T. R. Robb, Chairman; 
P. A. Ray, Vice-Chairman; Geo. M. List, Secretary; 
Gordon Mickle, Assistant Secretary; ‘and J. L. 
Hoerner, Treasurer. The program committee con- 
sisted of D. E. Howell, W. W. Franklin, D. M. De- 
Long, John Gibson, D. G. Denning, and George M. 
List. 

‘The Cameron Pass camp is located at an altitude 
of 9,200 feet, about 85 miles west of Fort Collins. 

‘Total registration at the camp was 121, sixty five 
of whom were directly interested in entomology, the 
remainder were members of families enjoying a 
mountain visit. The entire day of August 19 was set 
aside for field trips and recreation. A large truck load 
made an all day, rough but much worth while, trip 
in inspecting the Englemann spruce bettle control 
program under way in the Rabbit Ears Pass forest. 
Some collected, others fished, while several just 
loafed in camp. The more ambitious took the Agness 
Lake hike and a wetting in an afternoon shower. In 
all, 19 states and the District of Columbia were rep- 
resented in registration. 

Four evening and 4 day sessions were held. The 
evening sessions, in addition to a bonfire and a pro- 
gram by the teen-agers, were devoted largely to 
entomological, science and other pictures of general 
interest, including one reel each evening for the 
kiddies (no age limits). The program committee, as 
far as possible, correlated and arranged all titles sent 
in for discussion under selected leaders, no formal 
papers were presented. A wire recording was made 
of the principal discussions. 

An outline of the discussion programs follows: 
Aug. 18, 8:45 a.m.—T. R. Robb, Chairman. Re- 

marks by Conference Chairman, T. R. Robb. 
Appointment of committees on program, en- 
tertainment, hikes, and nominations. 
Highlights of Economic Insect Surveys—L. ( 
Davis, E. C. Harrison, J. I. Cowger, T. H. 
Parks, and H. C. Severin. 

Comments by state representatives. 

Where is entomology headed? Geo. M. List, 
Chairman 

Are we too insecticide minded? T. H. Parks 

Development of insect control recommendations, 
L. B. Daniels 

Insect control by commercial applicators, P. H. 
Marvin and E. Hixson 

Entomology as a profession, Geo, M. List 


Aug. 18, 1:30 p.m.—D. M. DeLong, Chairman. 


Insects directly affecting man and animals, Cur- 
rent status of house fly control, E. Hixson, R. 
W. Fox, D. G. Denning, Martin Poyner, and 

F. Brandenburg. 

Current status of mosquito control, J. F. Branden- 
burg and Gene DeFoliart. 

The encephalitides complex with report of in- 
vestigations in Weld county, Colorado, E. E. 
Bennington, J. Mason and D. G. Denning. 

Insects of importance to livestock, Automatic ap- 
plicators for parasite control, D. E. Howell, 
John Brandenburg, T. R. Robb, W. W. Frank- 


lin and E. Hixson. 


Aug. 20, 8:45 a.m.—Agronomic insects—H. C, 


Severin, Chairman. 
\lfalfa pests—T. R. Robb, Cliff Walstrom, J. H. 
Newton, W. W. Franklin and L. B. Daniels. 
Other forage pests—H., C. Severin, T. R. Robb 





Cereal pests—P. H. Marvin, J. L. Hoerner, and 
EK. Tilton. 
Agriculture and_ pollination problems—Joe 
Moffett, W. W. Franklin, and Cliff Walstrom. 
Aug. 20, 10:30 Aa.m.—Horticultural insects, E. 
Hixson, Chairman. 
Truck crop pests 
Onion thrips and onion maggots—F. H. Shirck 
Corn earworm control—John Brandenburg and 
D. G. Denning. 
Cutworm control—J. L. Hoerner 
Corn borer control—Chris Burkhardt and T. H. 
Parks. 
Aug. 20, 1:30 p.m.—T. R. Robb, Chairman. 
Fruit insects—J. H. Newton, T. H. Parks, and 
Floyd Holmes 
Forest insects 
Status of the control of the Englemann spruce 
beetle in Colorado, N. D. Wygant, Bill Wil- 
ford. 
Development of insecticides for bark beetle con- 
trol, Roy Nagel. 
Sampling bark beetle saltenabinedl red Knight 
Insecticide symposium—L,. B. Daniels, leader 
T. D. Bogaard, Wm. J. Finlay, Ray Fuxa, 
P. A. Ray, J. M. Magner, J. F. Brandenburg, 
John Gibson, Robert Sutton, C. E. Nelson, 
and F. A. Holmes 
At a short business meeting the following were 
elected to arrange for a 1953 meeting, Chairman, 
W. W. Franklin; Vice-Chairman, Wm. J. Finlay; 
Secretary, Geo. M. List; Assistant Secretary, Gor- 
don Mickle; Treasurer, J. L. Hoerner, and Assistant 
Treasurer, T. O, Thatcher. 
The following is a list of those present who were 
directly interested in entomology: 


Allmon, Ross H. Knight, Fred B. 
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Anderson, Lorin 
Arbuthnot, Ken 
Bennington, E. E. 
Bjurman, Carl A. 
Blackmore, Jack 
Blinn, Everett 
Bogaard, T. D. 
Brandenburg, J. F. 


Burkhardt, Chris C. 


Cowger, J. I. 
Daniels, Leslie B. 
Davis, Louis G. 
DeFoliart, G. R. 
DeLong, D. M. 
Denning, D. G. 
Finlay, Wm. J. 


Foeppel, William G. 


Fox, R. W. 

Fox, Mrs. R. W. 
Franklin, W. W. 
Fuxa, Ray 
Gibson, John W. 
Goble, Guy J. 
Hamman, Louis T. 
Harrison, EK. C., Jr. 
Harrison, Jack 
Hixson, E. 
Hoerner, John L. 
Holmes, F. A. 
Howell, D. E. 
Hunt, C. R. 


Johnson, Leonard 


List, Geo. M. 
McCambridge, Wm. 
McCampbell, Sam C. 
Magner, J. M. 
Marvin, Philip H. 
Mason, John 
Moffett, Joe 
Morrison, Harold 
Nagel, Roy H. 
Nelson, C. E. 
Newton, Harry J. 
-almer, Miriam A. 
Parks, T. H. 
Pesho, Geo. R. 
Pfadt, R. E. 
Poyner, Martin M. 
Quist, John A. 
Ray, P. A. 
Reeves, Geo. I. 
Robb, T. R. 
Rudinsky, Julius 
Schrader, Leonard L. 
Severin, H. C. 
Shirck, F. H. 
Smith, Roger C. 
Sutton, Robert 
Thatcher, T. O. 
Tilton, Elvin W. 
Titensor, Claine E. 
Walstrom, Cliff 
Wilford, B. H. 
Wygant, Noel 


Geo. M. List Secretary 





BOOK NOTICES 


GROUND EQuIPMENT AND INSECTICIDES FOR Mos- 
quito ContrRoL, by E. F. Knipling—C. T. Wil- 
liamson, Business Manager, Yapank, New York, 
Bulletin No. 2 American Mosquito Control As- 
sociation, Inc., 1952. 116 pp. Price $2.00. 


Mosquito control, in fact the control of many dis- 
ease-bearing insects, is now largely dependent on a 
proper combination of good equipment, proper in- 
secticide formulations and intelligent use of these 
tools. This publication, together with A.M.C.A. 
Bulletin No. 1 on aircraft, effectively assembles and 
relates these factors. 

The compilers of this brochure have set out the 
principles of mosquito control with appropriate 
background information. They have clearly pre- 
sented the characteristics and principles of disper- 
sion of insecticide particles along with definitions of 
dispersed insecticides and classification of sprays and 
dust by particle size. The relation between particle 
size and insecticidal effectiveness and the perform- 
ance of airborne particles with the practical impiica- 
tion of these much discussed factors in insect control 
are interestingly brought out, as are also the princi- 
ples of atomization of insecticides. 

The following insecticides and formulations of 
them, commonly used in combating mosquitoes and 
other insects, are succinctly discussed: Petroleum 
oils, pyrethrum, DDT, TDE, methoxychlor, chlor- 
dane, benzene hexachloride, lindane, toxaphene, 
allethrin, parathion, dieldrin and heptachlor. 

Various types of insecticide dispersal equipment 
from hand atomizers and dusters to high pressure 
hydraulic pumps are briefly described and illustrated. 

The choice of equipment for various jobs and ways 
of using and caring for equipment are discussed and 
the selection of equipment, insecticide formulations 
and dosages are given in convenient tabular form. 
Methods are described of assessing relative abun- 
dance of different species and the results of control 
efforts. The methods used include collecting stations, 
such as artificial shelters, the use of annual traps, 
light traps and hand collections of adults and larvae. 

Safety is an important actor in the use of insecti- 
cides in mosquito control. It is well, therefore, that 
precautions are set forth designed to protect the 
operator, the public, livestock, wildlife and plants. 
Among the most trying problems in antimosquito 
work is the maintenance of satisfactory public rela- 
tions. The discussion of ways of informing the public 
and of gaining its support and cooperation is, there- 
fore, in order. 

An appendix contains a list of manufacturers of 
equipment, accessories, insecticides and solvents 
useful in mosquito control; it also contains specifi- 
cations of each of the insecticides and their formula- 
tions and convenient conversion tables of weights 
and measures. A selected bibliography of 159 titles is 
included. 

The material in this publication is applicable to 
many problems in medical entomology and sanitary 
engineering, and also in the general field of insect 
control, and the bulletin will continue for many 
years to be a useful reference work in the laboratory 
and in the field.—F. C. BisHope 


Pesticipe Hanppook, Fourth Edition, by Donald 
Kk. H. Frear. College Science Publishers, State 
College, Pa. 1952. 

All persons primarily concerned with the use of 
pesticide materials and the problems in which their 
use is absolutely essential must realize that progress 
in all phases of the pesticide industry is inevitable. 


New problems in pest control present themselves 
and demand answers. Constant research in all phases 
of the field develops new answers which remain ac- 
ceptable only until investigators and manufacturers 
make available more satisfactory materials and 
methods for solution of the problems. 

This is constantly being done and the result is that 
all concerned, from producers of raw materials to the 
final application of the chosen materials is made. 

Dr. Frear has enlarged and improved the previous 
editions of the handbook and has brought it up to 
date, for the moment, and vastly increased its use- 
fullness. Even so, it can, at best be only one short 
jump ahead of the constantly changing needs of the 
many groups which depend upon the pesticides and 
about the same distance ahead of the research which 
provides the basic information upon which the de- 
velopment of the pesticides depends. 

The reader, usually some one who is directly con- 
cerned with the use of the materials can, obviously 
keep informed in this field without having the neces- 
sary facts selected and arranged in such form as to 
make them readily available when he has occasion 
to use them. 

To do this, even after the book took its basic 
form, has required unremitting attention to the sub- 
ject and careful and competent evaluation of the 
facts learned. 

Not less important is the arrangement of the in- 
formation in a logical and systematic form which 
will most nearly guarantee their availability to the 
users. That this has been done will be abundantly 
evident to all who examine the book. These may 
well range from the growers, their immediate ad- 
visers, distributing agencies and especially those 
trained groups which must decide the programs and 
materials to be recommended under any conditions 
which may arise. 

The thoroughness and competence with which 
this task has been done can be fully appreciated only 
by an examination of the book. The arrangement is 
such as to guarantee the maximum usefulness of the 
content. Assuredly one who does not have access to 
the handbook at all times must be handicapped in 
many of bis control problems and operations. 

The authors and editors have performed a great 
service to agriculture and, aside from the actual 
growers, no one group will be benefitted more than 
those who have access to, and use, the Journal. 


L.M.P. 


UNDERSTANDING Herepiry, AN INTRODUCTION TO 
GENETICS, by Richard B. Goldschmidt. New York, 
John Wiley & Sons, Inc. 1952. 835} inches. 
x-+228 pp. 49 figs. $3.75. 

In twelve chapters the author explains to the 
reader heredity and nonheredity traits, sex cells 
and fertilization, elementary Mendelism, chromo- 
somes and Mendelism, linkage, mutation, sex chro- 
mosomes and sex-linked inheritance, collaboration 
of genes, multiple factors, multiple alleles, and some 
of the more technical facts and problems of genetics. 
This primer of genetics by Dr. Goldschmidt, a dis- 
tinguished geneticist of the University of California 
is an extremely lucid, authentic and interesting ac- 
count with helpful diagrams and examples drawn 
from experimental work with plants and animals, 
including Drosophila. Technical terms have been 
reduced to a minimum and these are fully explained 
in the text and glossary. Asa result this book should 
appeal to thinking persons in various occupational 
groups who are curious about heredity and its work- 
ings in the world in which they live. —H.B.W. 
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Forest INSECTS OF THE SOUTHEAST: WITH SPECIAL 
REFERENCE TO SPECIES OccURRING IN THE 
PrepMoNT PLaTreau or NortH Carona, by 
James A. Beal. With the assistance of William 
Haliburton and F. B. Knight, Duke University 
School of Forestry Bulletin 14, 168 pp. 34 plates, 
$2.50. 

\s the title suggests, “‘Forest Insects of the South- 
east” is primarily a handbook of the common forest 
insect species of the southeastern United States. 
Also included, however, are the general principles of 
forest entomology and the techniques of forest insect 
control. 

The insect species treated are grouped and dis- 
cussed according to the stage of tree growth they at- 
tack and according to the type of injury they pro- 
duce, These divisions include such categories of 
forest insects as seed eating insects, insects which 
attack young trees, insects which attack mature and 
other living trees, insects which attack dying and 
recently felled trees and logs and, finally, insects 
which attack forest products and wood after it has 
been placed in use. 

One can readily see that this type of organization 
of the subject matter makes the book more easily 
used by the practicing forester and others who have 
little training in the more technical aspects of insect 
classification. Nevertheless, if the authors could 
have used field keys for further separating the spe- 
cies the book would have been even easier to use. 

The discussions of general principles consider 
such subjects as the factors which affect the abun- 
dance of forest insects, methods for conducting 
forest insect surveys, and the economic importance 
of forest insects. 

The book is well organized and clearly written. It 
is abundantly illustrated with 34 plates of good half- 
tones which include more than 150 figures. These 
illustrate some of the insects which cause the dam- 
age, the injuries they cause, and methods of control. 
The bulletin has a general and a host index. 

The author, Dr. Beal, is now Chief of the Division 
of Forest Insects in the U.S.D.A. He probably is the 
best qualified person to write this book for part of his 
outstanding career as a forest entomologist was spent 
actively pursuing work in the part of the country 
which this bulletin covers. 

This book is a fine contribution to forest entomol- 
ogy and will be most useful to practicing foresters 
and others who are concerned with protecting the 
forests especially for those in the southeastern part of 
the country.—R. F. AnpErson, Duke School of 
Forestry. 


ParuoLocy IN Forest Practicr, by Dow Vawter 
Baxter. John Wiley and Sons, Inc. New York. 
xiii +601 pp. 1952. (Second Edition.) 


The organization of the second edition of Dow V. 
Baxter’s book entitled “Pathology in Forest Prac- 
tice” is the same as the first edition published nine 
years earlier. The nature of disease and the causal 
fungi are described at the start. Next Dr. Baxter 
takes up forest diseases according to the age of the 
forest. A consideration is given to diseases in the 
forest nursery, then in the plantation, and in the ma- 
ture forest. Diseases and care of shade and park trees 
precede the final portion of the book which treats the 
decay of forest products. 

The organization of this book places emphasis on 
the forest rather than on the disease, and this fact 
should be advantageous in holding the interest of the 
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forestry student while he studies forest pathology. 
However, such an organization results in repetition 
of discussions of specific diseases and for that reason 
the book is often difficult to use as a reference. For 
example, the brown cubical butt and root rot, 
Polyporus Schweinitzii, is discussed under (a) the 
mature forest, (b) the plantation, and more briefly 
under (c) nursery diseases. Dr. Baxter has brought 
together economics, silviculture, forest ecology, 
entomology and management in his treatment of dis- 
ease in the forest, and this seems desirable as the 
forester must also use such information in the proper 
management of a forest stand. The 100-page chapter 
on diseases of shade and park trees does not seem to 
fit well with the rest of the text especially since the 
emphasis is on forestry practices, and perhaps these 
pages could have been used to advantage through- 
out the text with more specific information about the 
various important forest tree diseases. 

New material concerning forest diseases and prac- 
tices has been added to this second edition. The 
Adelopus needle cast of Douglas-fir and the Septoria 
canker of poplar are new additions of plantation dis- 
-ases. Under diseases of the mature forest, the im- 
portant oak wilt disease and littleleaf disease of 
shortleaf pine are treated briefly. Also Poria albipel- 
lucida, a newly reported rot on western red cedar in 
British Columbia has been added. This rot is similar 
in appearance to P. Weirti. New information is also 
given on the poisons which currently are being used 
to kill weed species in the forest. An interesting, al- 
though brief, discussion of decay detection in poles 
by use of X-ray is included in the chapter on decay 
in forest products. Photographs are used to illustrate 
the method. 

The entomologist may be interested to note that 
Dr. Baxter discusses the interrelations of fungi and 
insects in the field of forest pathology, and has, in 
addition, a section on deterioration of timber follow- 
ing insect attack. Also several insects important on 
shade and ornamental trees are discussed, and con- 
trol measures given.—E. H. Tryon. 


A New Insect ror West Virainia, by C. K. 

Dorsey, Morgantown, W. Va. 

A new insect damaging oaks, azaleas, dogwood 
and other shrubs and trees was discovered near 
Charleston in August, 1952. On September 10 a letter 
was received from a lady, in Kanawha city, c'aim- 
ing the insect was entering her home. Another lady, 
to whom we talked, reported the insect feeding on 
almost everything. She also stated that DDT did 
not seem to control the insect. 

Adults were collected at three different spots and 
typical feeding damage to oaks was seen at two 
additional spots. It would appear that the insect 
occurs on the south side of Kanawha river from 
Kanawha City to South Charleston and five or six 
miles south along State Route 14. 

The insect has been identified by Miss R. E. 
Warner, Division of Insect Detection and Identifica- 
tion, as Curculionidae—Cyrtepistomus castaneus 
(Roelofs). 

Mr. W. H. Anderson of the Bureau, states: 

“This is an introduced species which has been 
present in some of the eastern states for several 
years. Your specimens constitute the first record 
from West Virginia. In so far as we are aware the 
species is not of sufficient economic importance to 
justify experiments for its control. Also we have 
heard of no quarantines on nursery stock attacked 
by this species.” 





OBITUARIES 


Carl J. Weinman 
1915-1952 


Dr. Carl J. Weinman of Champaign, Entomolo- 
gist of the Illinois Natural History Survey, died at 


Mercy Hospital, Urbana, Sunday morning, No- 
vember 30, 1952, of acute poliomyelitis. He had 
entered the hospital the evening of November 27. He 
was buried at Rose Lawn Cemetery, Champaign, 
December 2. 

Carl John Weinman was born in Middletown, 
Ohio, March 27, 1915, the son of Louis Weinman, a 
native of Germany, and Louise Ruettinger Wein- 
man of Hamilton, Ohio. ; 

After completing his public school education at 
Middletown, he entered the University of Illinois 
and was graduated in 1936. He went to the Uni- 
versity of Minn _sota for his master’s degree and re- 
turned to Illinois in 1938 to work for his doctor’s 
degree, which he received in 1940. 

He is survived by his widow, the former Virginia 
Perkins of Chicago, to whom he was married in 
1938; two sons, John Carl, 13, and James Robert, 4, 
both born in Urbana; a brother, Paul, of Tulsa, 
Oklahoma; and his father and stepmother of Middle- 
town, Ohio. 

He began his association with the Illinois Natural 
History Survey as a laboratory assistant in the 
summers of 1934 and 1935. He was named Assistant 
Entomologist in 1937, Special Research Assistant on 
a co-operative project of the Natural History Sur- 
vey and the Illinois Agricultural Experiment Station 
in 1938, Associate Entomologist with the Survey in 
1945, and Entomologist in 1947. For the past eight 
years he has worked closely with Dr. George C. 
Decker, head of the Survey’s Section of Economic 
Entomology, in research on insecticides. 

A member of Alpha Tau Omega social fraternity, 
he was honored by election to Phi Beta Kappa, 
Sigma Xi, and Phi Kappa Phi. He was an active 
member of the American Association of Economic 


Entomologists, the Entomological Society — of 
America, the Illinois Academy of Science, the 
American Association for the Advancement of Sci- 
ence, and an honorary member of the National Pest 
Control Association. He was a member of the Grace 
Lutheran Church, Champaign. Dr. Weinman was 
the author or co-author of about 20 papers on in- 
secticides published in scientific journals. 

In accordance with the wishes of Dr. Weinman, 
his family requests that any contemplated memo- 
rials be in the form of contributions to a special fund 
to be known as the Carl J. Weinman Memorial 
Fund for Medical Research and administered by the 
Illini Achievement Fund of the University of [linois 
Foundation. 

“Dr. Weinman possessed a combination of talents 
seldom found in one individual,” says Dr. Harlow B. 
Mills, Chief of the Illinois Natural History Survey. 
“He was ingenious and original, and he was indus- 
trious almost to a fault. He was completely devoted 
to his researches, which occupied his thinking and 
acting for many more than the usual eight hours a 
day. 
“His work consisted of many things, but pri- 
marily he was attacking the problems of insect dam- 
age to Illinois fruit orchards, and the lasting effect 
of various insecticides. His reputation in these fields 
extended far beyond the borders of the state. In 
every sense he was the best that one could wish of a 
public servant. Agriculturists, especially horticul- 
turists, will long be indebted to him. He was sched- 
uled to speak before the Illinois State Horticultural 
Society at its meeting in East St. Louis next week, 
and at that time was to discuss some of his current 
findings.” 

Illinois Natural History Survey 
Dr. Hartow B. Mirus, Chief 
Urbana, Illinois 
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OBITUARIES 


Joseph Lponel King 
1888-1952 


Joseph Lyonel King died suddenly of a heart ail- 
ment at his home in Moorestown, N. J., the morning 
of April 12, 1952. Although he had not been in good 
health since a heart attack in 1944, his passing was a 
shock to his many friends and associates. Since his 
retirement in 1951, he made it a practice to visit the 
Japanese Beetle Laboratory at Moorestown in order 
to follow the progress being made in the various re- 
search projects. His last visit was the day before he 
died. He was buried in West Laurel Hill Cemetery, 
Philadelphia, Pa. 

Dr. King was born in Cleveland, Ohio, on January 
10, 1888, the son of William Alexander and Virginia 
(Ward) King, and he received his early education in 
the public schools of that city. He entered Ohio 
State University in 1909 where he became a student 
of entomology under Professor Herbert Osborn and 
the late James S. Hine. After being absent from 
school during the year 1912-13 to work for the Ohio 
Agricultural Experiment Station, he was graduated 
from Ohio State University in 1914 with the degree 
of Bachelor of Science. He continued his study of 
entomology at the University of Illinois, working 
chiefly under the late Professor A. D. MacGillivray, 
and he received the degree of Master of Science in 
1916. He received the degree of Doctor of Philosophy 
from Ohio State University in 1930, his thesis being 
“Summary Report on the introduced Parasites of 
Popillia japonica Newm.” 

He was married to Eleanor Webster on February 
23, 1929. She died September 4, 1943. They are sur- 
vived by a daughter, Elizabeth Webster King, who 
is a student at Oberlin College. 

As a boy he was greatly interested in the study of 
nature, particularly plants and insects. He collected 
insects assiduously and did some excellent work in 
nature photography. During the period 1912-17 he 
was assistant entomologist at the Ohio Agricultural 
Experiment Station where he worked on the biology 
and the control of peach insects. It is not known 
when he became interested in the biological control 
of insects but a paper, “The Egg Laying Habits of a 
Parasitic Dipteron, Pterodonta,” published in 1916 
showed his interest in using insects to control insects. 
He was appointed scientific assistant in the Pennsyl- 
vania Department of Agriculture in 1917 where he 
continued his work on the biology and control of 
fruit insects and made a special study of the biology 
and the control of the angoumois grain moth. 

His work with the Pennsylvania Department of 
Agriculture was interrupted by service in the United 
States Navy. He enlisted in June 1918 and served as 
Hospital Apprentice, First Class, in the Fourth 
Naval District until January 1919. 

He was appointed specialist in insect parasites in 
the Bureau of Entomology in 1920 and was sent to 
join Curtis P. Clausen in Japan to collect parasites 
of the Japanese beetle in its natural habitat. During 
the next 3 years several species of insects which at- 
tack the Japanese beetle were collected and sent to 
the United States. Among these were Tiphia popil- 
liavora Roh. and T. vernalis Roh. which have since 
become established in this country as important 
parasites in the biological control of the Japanese 
beetle. He was in Japan during the great earthquake 
of 1923, although fortunately he was not in Tokyo 
at the time, 

Upon his return to the United States in 1923, he 
was placed in charge of the parasite work at the 
Japanese Beetle Laboratory and he served in this 


capacity until his retirement in 1951. Here he or- 
ganized and conducted studies of the life history and 
habits of the imported and domestic insects attack- 
ing the Japanese beetle and directed investigations 
on the rearing, dissemination, colonization, and 
evaluation of the effectiveness of these parasites. He 
has published several papers, alone and with his 
associates, on his work in his chosen field, including 
“The Parasites of Popillia japonica in Japan and 
Chosen (Korea) and Their Introduction Into the 
United States,” “The Parasites of the Japanese 
Beetle,” “Methods of Rearing Tiphiids and Sco- 
liids,” and “The Fundamental Principles of Bio- 
logical Control of Insects.”” He was a sincere and 
ardent proponent of biological control as a means of 
reducing the depredations of our economic pests. 

He was not only a recognized entomologist but an 
excellent botanist, a painstaking illustrator of his 
scientific papers, a good amateur photographer and 
an artist in his perception of beauty in nature and in 
the handiwork of skilled artisans and painters. It was 
natural for him to surround his home with carefully 
selected and artisticall? planted ornamental trees 
and shrubs and to assemble in his home an unusual 
collection of oriental tapestries, rugs, paintings, 
pieces of art, and antique furniture. 

Dr. King was a member of Sigma Xi, the Ameri- 
can Association of Economic Entomologists, and a 
Fellow of the Entomological Society of America. He 
was a Mason and a member of Trinity Episcopal 
Church of Moorestown, N. J. 

To those fortunate enough to be his friends ““Doc’ 
revealed a rare sense of humor and was at his best 
when his joke was on himself. Because of his gracious 
courtesy and quiet modesty he was often referred to 
by strangers as “that dignified gentleman.” His 
fidelity to the principles in which he believed and his 
friendly understanding to those who sought his 
counsel will perpetuate the memory of Joseph 
Lyonel King—a Christian gentleman, 
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PROCEEDINGS OF THE SIXTY-FOURTH ANNUAL 
MEETING 


AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
Philadelphia, Pennsylvania 
December 15-18, 1952 


AGENDA Bustness MEETING 
Thursday, December 18, 1952 


Authorization to sell Bonds to meet obligations 
necessary in management of the affairs of this 
Association. 

Report of Brochure Committee. 

Report of the Committee on the “Common 
Names of Insects.” 


3a. Report of the Program Committee. 


Report of Committee on Insecticide Terminol- 
ogy. 


a. Report of the Publications Committee. 


Report of Special Committee on Insect Pest 
Survey. 
Report of Committee on Toxicology. 


ja. Report of Joint Committee for the Develop- 


ment of Entomological Taxonomy. 
Resolutions Committee Report. 


a. Brief Report of Committee on Entoma (If time 


permits). 


. Report on Committee for Preparation of Index 


to Literature of Economic Entomology. 
Report of Delegates to International Congress 
on Phytopharmacie. 

Report on the Inter-American Congress on 
Public Health. 

Report of representative to UNESCO Con- 
ference—G,. C. BecKEr. 

Report of Councillor to AAAS. 

Report of representative to Division of Biology 
and Agriculture. National Research Council.— 
F. F. Smiru. 

Report of representative to Meeting of Agri- 
culture Research Institute. 

National Research Council. 

Announcements. 

Report of Nominations Committee. 


PROCEEDINGS 


. General Statement 
. President's Report 
3. Secretary’s Report 
. CPA Report 
5. Reports of Committees of AAEE (see list below) 


}. Report of New Members 


. Report of Resolutions Committee 
. General Statement in regard to consolidation 


(“Entomology Societies Merge’’) 


. Report of Nominating Committee 
. Actions of the two Executive Committees (Gen- 


eral Statement) 


1. Interim Committee Meetings 
12. List of Deaths and Resignations 1952 


List of Committee Reports 


. Report of Brochure 
. Report of Resolutions 
3. Report of Insecticide Terminology 
. Report of Representative National Research 


Council 


. Report of Joint Committee on Taxonomy 


. Report of Rep. to the 3rd National Conference 
U.S. National Commission for UNESCO 
. Report of Grassland Committee 
. Report of Special Committee on Insect Survey 
. Report of Entoma 
. Report of Committee on Common Names of In- 
sects 
List of Section Reports and Officers 
Elected 
. Extension—Chm., J. N. Roney; 
Davin Brannon; Secty., T. R. Ross 
. Medical—Chm., Date W. Jenkins; Vice-Chm., 
R. M. Bouart; Secty., R. E. RycKMAN 
. Insecticide—Chm., Rateu B. Marcu; Vice-Chm., 
(none); Secty., C. O. PERSING 
. Pest Control and Quarantine—Chm., H. M. 
Harris; Secty., RALPH SHERMAN 
. Apiculture—Chm., W. A. Price; Secty., A. W. 
Wooprow 
3. Biological Control—Chm., C. P. 
Secty., STANLEY E. FLANDERS 
. Teaching—Chm., R. L. Ustncer; Secty., P. O. 
RIcHTER 


Vice-Chm. 


CLAUSEN; 


REPORT OF THE PRESIDENT 


It is customary for the President to submit a brief 
report summarizing actions taken for the Association 
during his term of office. 

It has been a pleasure to serve you as President of 
the Association and Chairman of the Executive 
Committee for this year. Although considerable 
time has been devoted to the duties of the office, I 
want to emphasize that most of the work for the 
Association is done by the Secretary, Editors, and 
the many committees that have been assigned defi- 
nite responsibilities. Little could be accomplished 
without their efforts and attention to details. 

The Program Committee and Local Arrangements 
Committee in particular have difficult and time- 
consuming tasks. The various officers and committee 
members deserve the thanks of the Association for 
their services. 

On instructions of the Executive Committee for 
1951, several committees were appointed during the 
year to continue existing projects or to initiate new 
ones. 

A Special Committee on Insect Pest Surveys was 
appointed to continue the development of more com- 
prehensive insect pest surveys. The members are: 
G. C. Decker, Chairman; H. M. Armitace; W. C. 
Nerties; L. S. Hitcuner, R. G. Ricumonp; and 
KELVIN Dorwarp (ez-officio member). 

It has been recognized that more attention should 
be given to entomological taxonomy. The following 
joint committee was appointed by FE. G. Linsley, 
President of the Entomological Society, and myself: 
H. B. Mruts, Chairman; H. F. Dietz; C. PF. W. 
Mveseseck; R. B. Frrenp; Marston Bares; and 
L. L. PEcHUMAN. 

A brochure which will outline opportunities in the 
entomological field has been needed for many years. 
A committee, consisting of the following members, 
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has been appointed to prepare such a brochure: M. P. 
Jones, Editor; D. G. Haun, Associate Editor; P. J. 
CHAPMAN; STANLEY FREEBORN; EpuriAM Hrx- 
son; Rautew Hea; T. H. Parks; W. L. Porpnam; 
and E. R. Sasscer. 

Che following members were appointed on a com- 
mittee in order that the Association might give more 
attention to problems relating to the toxicity of in- 
secticides: C. E. Paum, Chairman; F. C. Bisnopp; 
\. M. Boyce; L. S. Hircuner; and E. R. MeGov- 
RAN. 

Arrangements were made to complete the prepa- 
ration of Volume 9 of the Index to the Literature of 
American Economic Entomology for the years 1948 
and 1949. A. S. Hoyt, Chief, Bureau of Entomology 
and Plant Quarantine, kindly agreed to make avail- 
able personnel assistance to fill this gap in the Index 
volumes now available and to complete the Index 
volumes for 1951 and 1952. 

In order that the publication, Entoma, will be re- 
vised and issued as scheduled during 1953, G. S. 
LancrorD has agreed to accept appointment as 
Editor for this important publication for another 
issue. A Publications Committee consisting of the 
following members has been appointed to work with 
the editor: Ear D. ANpErson, S. W. Briuras, R. L. 
Bussey, L. S. Hircuner, R. C. Roark, O. I. 
Snapp, E. A. Waker, and P. A. Dans. A col- 
laborator representing each state has also been ap- 
pointed. 

The Local Arrangements Committee, which has 
attended to the many local arrangements necessary 
for this meeting was appointed and consists of the 
following members; Bartey B. Pepper, Chairman; 
W. E. Fiemine; H. G. Wacker; and T. L. Guyton. 

The Nominations Committee appointed, consists 
of the following members: B. A. Porter, Chairman; 
T. A. Brinputey; W. O. Buettner; Epnriam 
Hixson; and S. W. Stmmons. Although members 
nominated for and elected to offices will serve in their 
capacity for the Association only through December 
31, 1952, many of them will, no doubt, continue to 
serve with the new Society during 1953. 

The following members were appointed as dele- 
gates to meetings of interest to our Association: 

GrorGE G. Becker, Rep. to UNESCO confer- 
ence early in 1953. 

For the Third International Congress on Crop 
Protection held in Paris, France, September 1952: 

C. E. Pata, Chairman 

F. L. CAMPBELL 

H. L. Haver 

W. E. McCautry 
For the First Inter-American Congress on Public 
Health, held in Havana, Cuba, September 1952: 

G. H. BrapLey 

J. A. MuULRENNEN 

PF. F. Smrra and G. S. Lanarorp (Alternate) were 
designated as representatives of the Association to 
attend the meeting of the Agricultural Research In- 
stitute of the National Research Council. 

F. F. Smit was appointed to continue as Associ- 
ation representative for the Division of Biology and 
Agriculture of the National Research Council. 

The decision of members of the Entomological So- 
ciety of America to consolidate with the American 
Association of Economie Entomologists to form the 
new Entomological Society of America, necessitated 
the abandonment of plans to effect certain changes 
in the organization of our Association which were 
discussed at the Sixty-third Annual Meeting. 

In view of the impending amalgamation, a careful 
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study was made during the year to determine what 
actions the present executive officers should take to 
facilitate the merger during 1953. Our Committee 
has worked closely with the ESA Executive Com- 
mittee on this problem. 

Several members of the Executive Committees of 
the AAEE and ESA in the Washington, D. C. area 
had an informal meeting in May to study the matter. 

A formal meeting of the AAEE Executive Com- 
mittee was held in Santa Barbara, California, in 
June, primarily for the purpose of planning for the 
merger. Fortunately the President, the Secretary, 
and certain other members of the Executive Com- 
mittee of the ESA attended this meeting. 

The Executive Committee of our Association also 
held its meeting on Saturday and Sunday December 
13 and 14 in conjunction with this meeting, to con- 
sider further the important problems associated with 
the impending merger. A special joint meeting was 
held with the ESA Executive Committee to coordi- 
nate the actions of the two committees. The recom- 
mendations formulated at Santa Barbara and the 
current meetings will be presented at the Business 
Session on Consolidation to be held December 15, 
1952. 


IMPORTANCE OF BusINESS MEETINGS 


Your President has had the privilege during the 
year of attending the Annual meetings of each of the 
five branches of our Association. It was a pleasure to 
attend these meetings to become better acquainted 
with the members, to extend greetings from the 
parent Association, and to discuss new developments 
in the parent association of interest to the members, 

E. F. Kyrpiine 


REPORT OF SECRETARY- TREASURER 


This Association progressed steadily in numbers 
during 1952. There are now 3020 members. Deaths 
claimed 10 and there were 12 resignations. 

The distribution of the members by branches is 
approximately as follows: Eastern, 719; North Cen- 
tral, 562; Cotton States, 449; South Western, 241, 
and Pacific, 763. There are 27 members in Mexico, 
60 in Canada and 62 foreign other than Canada and 
Mexico. 

The subscriptions to the Journal have increased 
markedly. We now print an edition of 5400 of which 
approximately 2800 go to members. We send the 
Journal to 88 foreign countries and 2400 go to 
libraries and other non-members. 

The finances will be outlined in the C.P.A. Report 
of our auditors. 

It will be necessary to meet the requirements of 
the auditor to request membership authorization for 
the sale of securities. This is simply a precautionary 
authorization which will not be used except in an 
emergency but is necessary now because we will not 
have another general meeting until December, 1953. 

Because we have had a long-time schedule of 
meeting places, this Association voted to meet in 
Houston at the Rice Hotel in 1954. The interim 
Governing Board confirmed this decision and also 
determined that the meeting in 1953 will be at the 
Biltmore Hotel in Los Angeles, December 7, 8, 9 and 
10. 

Dues will be set by the interim Governing Board 
but the bookkeeper has been told by me to accept 
dues for 1953 from A.A.E.E. members at the rate of 
$10.00 and back dues for 1952 from any E.S.A. 
members who desire to pay. 
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The plan agreed upon at Santa Barbara was to 
include one publication, the choice of the member, 
in the dues, the amount of which will be stipulated. 
A second publication may be had for $4.00. 
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Index VIII to members will be sold at the special 
price of $3.50 which was the prepublication pric: 

Index IX has not gone to the printer. 

Index X is available at $1.50 to members, 


AMERICAN ASSOCIATION OF Economic ENTOMOLOGISTS 


AUDIT 


REPORT 


For the Fiscal Year Ended November 30, 1952 


December 11, 1952 
Dr. Edward F. Knipling, President, 
American Association of Economic Entomologists, 
Bureau of Entomology and Plant Quarantine, 
U.S. Department of Agriculture, 
Washington 25, D. C. 


Dear Dr. Knipling: 

In accordance with the recent request of Dr. 
Ernest N. Cory, I have examined the accounting 
records of the Secretary-Treasurer of the American 
Association of Economic Entomologists for the fiscal 
year ended November 30, 1952. The results of the 
examination are reflected in the accompanying 
statements of receipts and disbursements of the 
General Fund, Permanent Fund and Special Journal 


AMERICAN ASSOCIATION OF 


Fund for the year which were prepared from the 
records, 

The examination included such tests and checks 
as were deemed necessary and adequate in the cir- 
cumstances. However, a detailed audit was not 
made. The balances of cash and securities at the 
beginning and at the end of the fiscal year were 
verified by me by actual count or were confirmed 
directly by the banks, 

In my opinion, the accompanying statements ac- 
curately reflect the recorded cash receipts and the 
authorized disbursements made for the benefit of the 
American Association of Economic Entomologists 
for the fiscal year ended November 30, 1952. 

Very truly yours, 
Joun A. Heri 


ECONOMIC ENTOMOLOGISTS 


GENERAL FuND 


Statement of Receipts and Disbursements 
For the fiscal year ended November 30, 1952 


Total 
$ 8,851.99 


Balance, December 1, 1951...... 


Association Indices 
$10,075.74 $4,256.67 


Journal 
$ 4,564.62 


Entoma 
915.80 


Receipts: 
Subscriptions 
Advertising 
cna erate Ate, ) oiyin  gitin Taek ien Mawel : 
Back Numbers and Miscellaneous. ..................-- ; 
Membership D 
Sale of Indices 
Interest on Bonds 
Entoma Proceeds transferred to A.A.E.E. by Dr. Langford. . . 
Proceeds from Suburban Trust Company Loan, Four Month 
Note, 5%, Unsecured 
Visitors Registrations. . 
Federal Income Tax—withheld but not yet paid.. 
Total Receipts 


Fund Balance After Receipts............... 


Disbursements: 
Journal Costs—Printing and Mailing 
Engravings 
Editing and Publication Costs 
Salaries and Wages—Stenographic and Clerical 
Honorarium—Business Manager and Secretary-Treasurer. . . 
coca al —Editor = Entoma. : 

‘os Stationery and Office Supplies 

Travel E Expense 

Accounting and Tax Service 

Telephone and Telegraph 

Fidelity Bond 

Rentai—Safe Deposit Box. . 

Refunds—Subscriptions and Back Numbers 

Advertising Commissions and Refunds 

Meeting Expenses 

Collection and Bank Charge 

Federal Income Tax- —withheld 1951 paid in 1952.. 


ne EE ESE SRS TO 


Balance, November 30, 1952 


13,379.50 
2,325. 
3,301. 


1,207. 


13,379. 
2,325. 
3/301. 
1,207. 
2,880.00 


50.00 
10,800.00 


.00 
‘ 75.00 
. 33 113.33 


08 


$50, 222, $3 34 ,212.75 $ 3,118.33 $2,091. 810, 800.00 


$13,194.07 


$6 , 347.6 





8 9, 884.5 20 


$59,074.07 $2 29,648. 13 





68 68 
64 


85 


$21,871. 
656. 
8,454. 
4,072.48 
400.00 
1,000.00 
2,568. 


$ 21,871. 
656. 


1,932. 
200 


& 6,946.03 
206.55 


$ 1,932.96 
200. 


100.00 
792.88 983.18 
1,291. 
95.00 
20. 2 
18.75 


~ 
4.2 


792.88 
95. 


18. 


74. 





$41,859.10 $ 5,460.11 $1,517.57 





917, 214.97 


$4,830.10 


$ 7,733. 


RECAPITULATION 


Suburban Trust Company —C hecking Account 
U. S. Savings Bonds, Series G, 2}%—Cost 
Cash on Han 


ET Ee WE OR oo 560.58 k5 6 5 4aN oss cd ceress 


$17,214.97 
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AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 
PseRMANENT Funp 


Statement of Receipts and Disbursements 
For the fiscal year ended November 30, 1952 


Balance, December 1, 1951 Pe sé: $18,703 .36 
Receipts: 
Interest on Bonds 
Interest on Savings Deposits................. 27 .67 
Increment to aia value of U. S. Savings Bonds, Series F a Ne 84.50 
the Life Memberships. . eS 100.00 
oclie Total Receipts. . 
| Ho Fund Balance After Receipts... .. ad oie Aart Serer me 
th Disbursements: 

e : 

‘ NORO. «<>. 5 aiattes cd die —0— 
were on — 
— Balance, November 30, 1952............. : See me Rep ttecsqseret.« $19, 276. 78 
s ac- rise 
\ ie RECAPITULATION 
f the Securities 
gists Face Value Book Value 

$ 2,000.00 Province of Ontario 5% Debenture Bonds of 1959—Cost $2,000.00 
S, 3,000.00 U.S. Treasury 23% Bonds, 1955-60—Cost 2,984.00 


RL 7,000.00 U.S. Savings Bonds, Series G, 23%—Cost 7,000.00 
6,500.00 U.S. Savings Bonds, Series F—Current Redemption Value...... 4,985.50 


$18, 50000: "Total Soctsities...2<! « cond sc cbedhc ce <cistcaca BRe eek One eee $16,969.50 


Cash 


Suburban Trust Company—Savings Account............ ... $1,091.03 
First Federal Savings & Loan Association a . 1,030.00 
Matured Bond Coupons.................. + 186.25 


Total Cash. .. page ie ah 2,307.28 


$19,276.78 


00.00 
AMERICAN ASSOCIATION OF ECONOMIC ENTOMOLOGISTS 


SPECIAL JOURNAL FunpD 


00.00 Statement of Receipts and Disbursements 
aie For the fiscal year ended November 30, 1952 
se Balance, December 1, 1951... ae ot ene, ..... $582.60 
Receipts: 

Interest on Savings Deposit...... . . ane igh 5.00 
16.03 Fund Balance After Receipts.............. re ee ee seuss ve QSORRO 
shi Disbursements: 
00.00 None.... . aod. —0— 
83.18 a 


Balance, Nov 30, 5 .... $537.60 


RECAPITULATION 


Suburban Trust Company—Savings Account... . ; . $537.60 


DEATHS IN 1952 


William E, Anderson—April 17, 1952 J. L. King—April 12, 1952 

Lawson Caesar—April 27, 1952 Charles C. Plummer—April 12, 1952 

Yel T. Cook—August 11, 1952 Morris Schlosberg—June 17, 1952 

l'raber N. Dobbins—April 14, 1952 Edwin C. Van Dyke—September 28, 1952 
il. T. Fernald—July 15, 1952 Carl J. Weinman—November 30, 1952 
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NEW MEMBERS 
Up to Dec. 8, 1952 


Abrams, George J., 6303 Ruatan St., Berwyn, Md. 

Abrams, Louis J., R. D. 2, Elmer, N.J. 

Ahmed, Mootafa Kamal, 228 West Chimes St., 
Baton Rouge, La. 

Akesson, Norman B., Div. of Agr. Engin., Univ. 
Calif., Davis, Calif. 

Al-Tikrity, Arab Bakir, Dept. Ent. & Plant Path., 
Abie-Grab, Baghdad, Iraq 

Andison, Harry, Canada Dept. of Agr., c/o Box 89, 
Parliament Bldg., Victoria, B.C. 

Argarwala, S. D., Central Sugarcane Research Sta- 
tion, Pusa, Bihar State, India 

Baker, Karl H., 6143 Pembroke Dr., San Diego 15, 
Calif. 

Barkley, James H., Univ. of Calif., Citrus Expt. 
Sta., Riverside, Calif. 

Beckwith, Leroy C., 141 North Glenview Ave., 
Wauwatosa, Wis. 

Bender, Edward K., 506 Midland Rd., Route 1, 
Silver Spring, Md. 

Benedict, Warren V., 2288 Fulton St., Berkeley 4, 
Calif. 

Boland, Ernest P., 240 Morton Ave., Athens, Ga. 

Boren, Roger B., Box 959, State College, Miss. 

Brazzel, James R., Box 7520, Univ. Sta., Baton 
Rouge, La. 

Brelsford, Arthur B., N. J. Agri. Expt. Sta., New 
Brunswick, N.J. 

Briggs, Fred, Box 654, Blythe, Calif. 

Browne, E. F., Kwik-Way Chemical Corp., Box 
335, San Antonio 8, Tex. 

Brownlee, John R., Box 555, San Benito, Tex. 

Bruington, G. E., 8924 Mills Ave., Whittier, Calif. 

Buchanan, Emmett L., Jr., 358 Westminster, San 
Antonio, Tex. 

Buchelos, Theodorus, Phytopathological Station, 
Patras, Greece 

Bullock, Howard Richard, Div. of Biology, B304, 
Univ. Utah, Salt Lake City 

Burns, Edward C., Tenn. Products & Chemical 
Corp., 4800 Central Ave., Chattanooga, Tenn. 

Burton, Melvin Franklin, Route 3, Tupelo, Miss. 

Butcher, James W., 301 Coffey Hall, Univ. Farm, 
St. Paul 1, Minn. 

Buxton, Jay A., Ohio State Univ., Columbus 10, 
Ohio 

Cavin, George E., 120 E. 28 St., Cheyenne, Wyo. 

Chadwick, Leigh E., Medical Lab., Army Chemical 
Center, Md. 

Chater, Clifford Spencer, 1821 Anderson Ave., Man- 
hattan, Kans. 

Cochran, Margaret Ann, Iowa State College, Ames 

Cook, Francis E., 3545 Elmwood Ct., Riverside, 
Calif. 

Cooper, William E., North Carolina State, Raleigh, 
N.C 


Cooper, Bromley F., 3226 Rochdale St., Houston, 
Tex. 

Costa, 
coes Fitossanitarias, Divisao de Defesa Sanitaria 
Vegetal, Caixa Postal 1784, Rio de Janeiro, Brazil 

Cowger, James I., Box 2749, San Antonio, Tex. 


Armando Duarte, Seccao de Investiga- 


Cron, Myrven H., 2525 Clie St., Houston 10, 


Tex. 
Crouch, W. E., 605 West 47 St., Box 436, Kansas 


City 10, Mo. 


Daniels, J. W., Jr., 12437 First St., S.W., Seattle, 
Wash. 

Deal, Andrew S., Farm Advisor, Court House, || 
Centro, Calif. 

DeAtley, Lindley S., 414 Huntington Rd., Kansas 
City 2, Mo. 

Deonier, Calvin E., 
Okla. 

Dixon, Elbert Byron, Box 232, Christiansted, St. 
Croix Is., American Virgin Islands 

Doane, Charles C., 104 King Hall, Univ. of Wiscon- 
sin, Madison 

Drea, John J., 
Calif. 

Duda, Edward J., 272 East St., Easthampton, 
Mass. 

Dunn, Henry A., 6609 Three Chopt Rd., Rich- 
mond, Va. 

Dworkin, Z. Z., U.S. I. Chemicals Co., 624 S. Mich. 
Ave., Chicago 5, Il. 

Earley, Douglas C., Box 355, Los Fresnos, Tex. 

Edwards, Charles H., Box 504, Blythe, Calif. 

Edwards, Leonard V., 812 Fidelity Union Life 
Bldg., Dallas, Tex. 

Elkins, Joe C., 2710 Grayson Dr., Dallas 8, Tex. 

Elliott, Kenneth Roland, 32 Alma St., London, 
Ontario, Canada 

Erwin, Wallace R., 6438 Hilleyaso Ave., Oakland, 
Calif. 

Ezzat, Yehia Mohmoud, 4633 Knox Rd., College 
Park, Md. 

Feistner, William E., Jr., P. O. Box 2099 Shell Bldg., 
Houston, Tex. 

Fisher, J. C., c/o Science Service, Harrow, Ontario 

Friedman, William, 2259 43rd St., Long Island City 
5, N.Y. 

Fukuto, T. Roy, Dept. of Ent., Citrus Expt. Sta., 
Riverside, Calif. 

Gardner, William B., 4820 Loma Vista Ave., Los 
Angeles 58, Calif. 

Garmus, Ralph D., 821 Plum St., Riverside, Calif. 

Garner, Connie Frank, 101 West Univ., Waxa- 
hachie, Tex. 

Geib, Arthur F., Route 1, Box 272, Arvin, Calif. 

Gelardo, Ralph Paul, 3910 Tunlaw Terr., N.W., 
Washington 7, D.C. 

Gerhardt, Richard W., 4921 Pennsylvania Ave., Fair 
Oakes, Calif. 

Giang, Paul Adrian, U. 
Beltsville, Md. 

Gibson, William S., 2010 S. 24th St. L, Lincoln, 
Neb. 

Gladstone, Arthur M., 3061 Glen 
Pittsburgh, 4, Pa. 

Goldstein, Harvey Leonard, 178 Harvard St., Mal- 
den, Mass.’ 

Gotleib, Raymond E., 8314 N. Alfred, Los Angeles 
46, Calif. 

Graves, Chester E., 933 Woodland Ave., San Carlos, 
Calif. 

Gray, Gordon C., 2121 Palomas Dr., N.E., Al- 
buquerque, N.M. 

Griffith, Richard D., P. O. Box 2012, College Sta- 
tion, Tex. 

Guyer, Gordon Earl, Michigan State College, East 
Lansing, Mich. 


Box Stillwater, 


927 


Vv. 


Jr., 2273 Vine St., Berkeley 9, 


S. Dept. Agr. Res. Center, 


Mawr Ave., 
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Hall, Philip A., Nico. Dust Mfg. Co., 5833 West Mo., 
Phoenix, Ariz. 

Halpenny, David Lister, Route 8, Box 127, San An- 
tonto, Tex. 

Hanlon, Kenneth B., 155 Montgomery St. Suite 
1610, San Francisco, Calif. 

Hart, John F., 537 13th St., Eureka, Calif. 

Hawkins, Brown, 1000 W. Illinois St., Urbana, IIl. 

Hernis, Henry O., 839 N. Dearborn St., Chicago 10, 


Ill. 
Hewitt, Donald A., Mill Road, North Hampton, 
N.H. 
Hillebert, Roy, 1711 N. Willow St., Compton 2, 
Calif. 
Hinshaw, David Wesley, 1431 Centinela, Inglewood, 
Calif. 
Hintz, Howard Wm., Biol. Dept., Heidelberg Col- 
lege, Tiffin, Ohio 
Hoeger, Henry A., 15 Chase Dr., Route 2, Corona, 
Calif. 
Holbrook, Ralph F., Warwick, Mass. 
Hollander, Howard B., 4815 Ross Ave., Dallas, 
Tex. 
Hopkins, Alfred R., Pee Dee Expt. Station, Florence, 
oC. 
Hornstein, Irwin, 5412 56 Ave., E. Riverdale, Md. 
Howe, John K., 605 West 47th St., Box 436, Kansas 
City 10, Mo. 
Howe, Robert George, 116 Oak Ave., Ithaca, N.Y. 
Hunter, Col. George W., III, Fourth Army Medical 
Lab., Brooke Army Medical Center, Fort Sam 
Houston, Tex. 
Janjua, Nazeer Ahmed, Dept. of Ent., Univ. of 
Md., College Park 
Jeancon, Harold M., Red Hill Country Club Dr., 
Cucamonga, Calif. 
Johnson, Floyd A., 1151 S. Broadway, Los Angeles 
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Report OF THE NOMINATING 
COMMITTEE 
Kiected by Mail Ballot 


President: 
First Vice-President: 


Cuarues E. Pam 
ALVAH PETERSON 


Vice Presidents (Named by Branches or Sections) 


Branches 
Pacific Slope: 
Cotton States: K. L. CockERHAM 
Eastern: P. J. CHAPMAN 
North Central States: T. H. Parks 
Southwestern: P. J. Reno 

Sections 
Plant Pest Control 

& Quarantine: 
Apiculture: 
Extension: 


S. F. Bartey 


H. M. Harris 
W. A. Price 
J. N. Rongy 
Teaching: R. L. Ustncer 
Insecticides: R. B. Marcu 
Medical Entomology: D. W. JENKiNS 
Biological Control: C. P. Cuausen 


Proposed by Nominating Committee 
Executive Committee 
S. W. SrmMons 


Committee on Nembership 
HaroL_p GUNDERSON 
Roy HANSBERRY 
Horace S. Tetrorp (Unexpired term of S. W. 
Simmons) ‘ 
(L. F. Curt, Chairman) 


Committee on Common Names of Insects 
Howarp O. Dray 
Joun 3. ScHMITT 
(A. B. Gurney, Chairman) 


Program Committee 


L. S. HrrcHNer 
(Howarp Bakr, Chairman) 


Committee on Insecticide Terminology 
H. L. Hauuer, Chairman 


Board of Trustees for Permanent Fund 
Grorce R. Fercuson 


Councillor for the American Association for the Ad- 
vancement of Science 


W. P. Hays 


Publications Committee 


\. W. A. Brown 
H. M. Harris 
(W. M. Upnott, Chairman) 


Editor of Journal 
L. M. Pearrs Pro Tempore 


In line with Resolution No. 4, passed the after- 
noon of December 15, the Committee naturally 
accepts the decision that the Interim Governing 
Board be authorized to continue the Editor and 
Editorial Board of the Journal until such time as 
said positions are filled in the manner prescribed 
by the new Constitution. However, Dr. Peairs has 
expressed a desire to be relieved of his duties at an 
early date, although he has indicated a willingness 
to prepare a number or two of the 1953 journals. 
The Committee therefore recommends that the 
Interim Governing Board respect the wishes ex- 
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pressed by Dr. Peairs, and select a new Editor as soon 
as possible. Although the Committee is not in po- 
sition to make a nomination at this time, it recom- 
mends that the Interim Governing Board give con- 
sideration to C, H. Richardson for this post. 

Likewise, the selection of an Associate Editor is 
left with the Interim Governing Board, after con- 
sultation with the new Editor. 


Associate Editor of Journal 
H. B. Weiss Pro Tempore 


Representative to the National Research Council 


No nomination is made at this time, since the 
present term does not expire until June 30, 1953. 
Before that time the Interim Governing Board of the 
new organization can select someone to serve. 

EpuriamM Hrxson 

Tom A. BrinpLEy 

S. W. Stmmons 

W. O. BuETtTNER 

B. A. Porter—Chairman 


Report or REso.tutions Com- 
MITTEE 


Whereas: The program committee of the 64th an- 
nual conference has recognized the importance of 
public relations to the science of Entomology by pre- 
senting an excellent panel of speakers on this sub- 


ject, 

Be It Resolved: that the Governing Board of The 
Entomological Society of America consider the es- 
tablishment of a special committee to study and 
recommend how best to keep the public informed of 
- role that entomologists play in the public welfare, 
an 

Be It Further Resolved: that this committee take 
full advantage of present facilities of state and fed- 
eral agencies with special efforts to coordinate with 
the resources of industry in promoting this program. 

Approved. 

Whereas: The study group appointed by Secretary 
of Agriculture, Charles F. Brannan, at a series of 
hearings held at seven locations in the United States, 
reviewed the insect and plant disease programs of the 
Bureau of Entomology and Plant Quarantine and 
the cooperating state agencies, has in its report 
recommended expansion of entomological research 
related to insects and plant diseases, 

Whereas: Such recommendations should markedly 
increase the effectiveness of insect and plant disease 
control, therefore 

Be It Resolved: that the American Association of 
Economic Entomologists express its concurrence in 
the recommendations set forth in the Report of the 
aforementioned Study Group; that the Chief of the 
Bureau of Entomology and Plant Quarantine 
through a series of planning conferences attempt to 
integrate more closely the objectives and procedures 
of insect and disease control between state and fed- 
eral cooperating agencies. 

Be It Further Resolved: that the Secretary of The 
American Association of Economic Entomologists 
forward copies of this resolution to Secretary Bran- 
nan, Mr. Avery Hoyt, and to each member of the 
committee which carried out this assignment. 

Approved. 

Whereas: The Select Committee of Congress to 
investigate the use of chemicals in food and cos- 
metics (the Delaney Committee of the House of 
Representatives) has recommended the passage of 



















198 


legislation that would essentially make it necessary 
to handle insecticides as drugs, and 

Whereas: The American Association of Economic 
Entomologists is convinced that such legislation 
would be distinctly detrimental to the best interests 
of agriculture and the people of the entire country, 
and 

Whereas: The availability of pesticides is enabling 
effective control of forest, crop, and livestock pests 
and those carrying diseases of man, and 

Whereas: The Delaney Committee in its hearings 
and reports confuses the issue by treating additives 
to food made deliberately with pesticide residues, 
and 

Whereas: Existing legislation is giving adequate 
protection to the health of the public, 

Be It Resolved: that this Association take a strong 
stand endorsing the minority report of the Delaney 
Committee. 

That it recommend separate consideration of pes- 
ticides from food additives in event that minor 
changes in the Food, Drug and Cosmetic Act of 
1936 and/or the Insecticide, Fungicide and Rodenti- 
cide Act of 1947 are contemplated. 

That the Toxicology Committee of this Associa- 
tion be authorized to represent the Association, with 
proper guidance from the Governing Board, in all 
legislative matters, including appearances at any 
hearings regarding national legislation on insecti- 
cides. 

That copies of this resolution be sent to the Secre- 
tary of Agriculture, the Administrator of the Federal 
Security Agency, to such members of the Congress 
as may be concerned with legislation; to the Na- 
tional Committee of the Land Grant Colleges dealing 
with pesticides. 

Approved. 

Whereas: The current program committee of this 
Association has arranged for a joint meeting with the 
Division of Agricultural and Food Chemistry, Sub- 
division of Pesticides, American Chemical Society, 
and 

Whereas: Members of that Society together with 
eminently qualified food technologists have brought 
to us at this our 64th annual meeting a more com- 
plete understanding of the complexities of techniques 
being used and the wide variation of methods 
among those qualified groups now carring out flavor 
evaluation of fresh and processed foods as well as 
other processed crops which have been treated with 
pesticides, and 

Whereas: Members of this Association are charged 
with the development and field proof of adequate 
chemicals for the protection of crops from pests of 
ever varying response to the chemicals at hand, and 

Whereas: Members of this Association are not 
usually trained in the art or science of studying 
flavors in foods and other processed crops and 

Whereas: Some chemicals now being recommended 
by members of this Association and foods treated 
with these chemicals are being rejected by crop proc- 
essors and regulatory agencies because of the lack of 
conclusive flavor effect data, and 

Whereas: The end points of conclusive flavor effect 
data have not been defined nor has adequate con- 
sideration been made of the many factors other than 
pesticides which are known to influence flavor, 

Therefore, Be It Resolved: that concurrently with 
insecticidal evaluation of pesticides being evaluated 
for protection of food crops, members of this Associ- 
ation work with the processors of the crops in ques- 
tion, supplying them with samples and encouraging 
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qualified food technologists to conduct studies on 
samples of such treated and untreated crops and 

Be It Further Resolved: that such food processors 
and institutional food technologists be requested {o 
standardize existing methods now being used to <e- 
termine the presence or absence of flavor effects re- 
sulting from any cause whatsoever and particularly 
to establish a method which will make comparisons 
possible from one group to another, and 

Be It Further Resolved: that entomologists refrain 
from the publication of taste or flavor evaluation 
data unless such data are supported by a professional 
food technologist or by representatives of qualifying 
processors of the crop in question. 

Not approved. 

Whereas: The members of the American Associa- 
tion of Economic Entomologists in attendance at the 
64th Annual Meeting of their Association at Phila- 
delphia, Pennsylvania during the 4-day period end- 
ing December 18, 1952 have enjoyed the renewal of 
old friendships and the formation of new ones and 
have profited from exchanges of ideas so essential to 
the welfare of the entomological science, 

Be It Resolved: that the Association express its 
appreciation to the following individuals and agen- 
cies that have been responsible to the success of the 
occasion: 

(a) President Edward F. Knipling for his devo- 
tion to the AAEE during the year and his in- 
spiring address at the Philadelphia meeting. 

(b) The local arrangements committee: BArLey B. 
Peprer (Chairman), Harry E. Wa kerr, 
Watrter E. #Lemina, and T. L. Guyton. 

(c) The program committee: Howarp Baker 
(Chairman), C. E. Micke, and L. D. Curis- 
TENSON. 

(d) The secretaries and presiding officers of the 
general and sectional sessions. 

(e) The administration and operational personnel 
of the Bellvue-Stratford Hotel. 

(f) The officers and members of The Entomological 
Society of America. 

(g) The banquet toastmaster, attending his 45th 
consecutive Annual Meeting, Dr. W. C. 
O’ KANE. 

(h) The Pennsylvania Apple Growers’ Association 
and the J. B. Swayne & Sons, Inc., for apple 
and mushroom favors presented at the banquet. 

Approved. 

Whereas: The Food and Drug Administration held 
in 1950 a series of hearings covering the necessary use 
of insecticides, fungicides, and chemicals in the pro- 
duction of food crops. 

Whereas: The recommendations of entomologists, 
plant pathologists, and manufacturers of chemicals 
are handicapped by the lack of information on legal 
tolerances as authorized to be established by the 
Food and Drug Administration. 

Be It Resolved: that the American Association of 
Economic Entomologists go on record as requesting 
that the Food and Drug Administration announce 
tolerances or tentative tolerances that will include 
the use of those chemicals covered in the above men- 
tioned hearings. 

Be It Further Resolved: that the Secretary of the 
American Association of Economic Entomologists be 
instructed to forward this resolution to the commis- 
sioners of the Food and Drug Administration and to 
the Chief of the Federal Security Administration. 

Approved. 

Whereas: The Food Protection Committee of the 
National Research Council has given careful con- 
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sideration to the matter of the nature and extent of 
the chemical, physical, biological and toxicological 
data which should be available before a new pest 
eontrol chemical intended for use in connection with 
food production is marketed commercially, and 

Whereas: It has recently released a report entitled 
“Basic Considerations in the Development and 
Marketing of a New Agricultural Pesticide Intended 
for Usein Connection with Food Production” which 
embodies its recommendations in this regards, 

Therefore Be It Resolved: that this Association ex- 
press its appreciation to the efforts of the members 
of the Food Protection Committee in the preparation 
of this report which will be of value to entomologists 
and others interested in the development and use of 
pest control chemicals, and the secretary is hereby 
directed to address a letter so stating to the secre- 
tary of the Committee. 

And Further Be It Resolved: that this Association 
recommends that all entomologists familiarize them- 
selves with the contents of this report. 

And Further Be It Resolved: that this Association 
recommends that, in so far as possible, entomologists 
in the preparation and execution of their research 
programs seek to collect or have collected the various 
other types of data, in addition to entomological 
data, covered in this report. 

Approved. 


REPORT OF THE COMMITTEE ON 
INSECTICIDE TERMINOLOGY 


The problem of suitable nomenclature for promis- 
ing insecticidal chemicals has again received con- 
siderable attention by the Committee during the 
past year. Working with the Interdepartmental 
Committee on Pest Control, the Committee has ap- 
proved endrin as a coined name for the insecticidal 
chemical 1,2,3,4,10,10-hexachloro-6,7-epoxy-1,4,4a, 
5,6,7,8, 8a-octahydro-1, 4,5,8-endo-endo-dimethano- 
naphthalene; isodrin for the insecticidal chemical 
1,2,3,4,10, 10-hexachloro-1, 4, 4a, 5, 8, 8a-hexahydro-1, 
4,5,8-endo-endo-dimethanonaphthalene; and captan, 
for the fungicidal chemical N-trichloromethylmer- 
capto-4-cyclohexene-1,2-dicarboximide (N-trichloro- 
methylthio tetrahydrophthalimide). Consideration 
was also given to a definition and classification of 
“systemic insecticides.” This term is being applied 
to those chemicals which are taken up by a growing 
plant in quantities great enough to destroy insects 
that may feed upon the plant. The proposal has been 
made that systemic insecticides be classified in ac- 
cordance with their behavior within the plant. It has 
been shown that some of the organic systemic in- 
secticidal chemicals act as insecticides in their origi- 
nal form, others are transformed partially or wholly 
into other toxic substances which also act as insecti- 
cides. In our present state of knowledge, it is not 
possible to predict whether a chemical will act as a 
systemic insecticide and, if it does, whether it will 
act as such or be transformed into a toxic chemical. 
he Committee is of the opinion that more informa- 
tion is needed before accurate definitions for this 
class of insecticides can be developed. The list of 
names and definitions of insecticidal chemicals 
which was published in the February 1952 issue of 
the Journal, is now being revised and amplified. 

M. C. SwINGLE 
G. S. Kivo 
1. O. Eppy 
C. W. Kearns 
H. L. Hauer, Chairman 
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Report OF REPRESENTATIVE TO THE 
NATIONAL RESEARCH COUNCIL 
Division or BIoLoGY AND 
AGRICULTURE 


The annual meeting of the Division of Biology and 
Agriculture was held on May 2, 1952 at the National 
Academy of Sciences. 

Committee reports included those on preservation 
of indigenous strains of maize; animal nutrition re- 
quirements; public health aspects of Brucellosis; 
laws and regulations governing animal health; 
American type culture collection; and the value of 
medication, chiefly sulfa drugs and antibiotics, in 
commercial feeds. 

The Committee on Food Protection referred to 
the publication of two reports, one entitled “Use of 
Chemical Additives in Foods” circulated over 
100,000 copies. The second was a mimeographed re- 
port entitled “Basic Considerations Involved in 
Evaluating Hazards Encountered in the Use of 
Pesticides in Foods.”’ These reports are available 
from the National Research Council. 

In the Food and Nutrition Board the Sub-com- 
mittee on Pesticides is continuing with the project 
to evaluate the basic requirements for certification of 
new pesticides, 

A new committee on plant and crop ecology with 
6 sub-committees, including one on plant diseases 
and pests, was organized to investigate long-term 
objectives in plant sciences as they relate to national 
defense. 

To increase effective cooperation between Socie- 
ties such as ours and the Division it was urged that 

Society Representatives. be selected who have had 
experience on committees of the NRC. 

As member of the the Advisory Selection Commit- 
tee for Zoology your representative reviewed 45 ap- 
plications for Fulbright Fellowship awards and 
made recommendations to the Board of Foreign 
Scholarships. Six of the applicants were entomolo- 
gists. The qualifications of applicants were much 
higher than in the preceding years. Only a few de- 
serving candidates will receive awards because open- 
ings are limited by the program budget and the allo- 
cations to cooperating countries. 

Respectfully submitted, 
Fioyp F. Smita 


Report OF REPRESENTATIVE TO 
AGRICULTURAL RESEARCH INsTI- 
TUTE-AGRICULTURAL BOARD 


At the request of President E. F. Knipling, I at- 
tended the first meeting of this new organization 
held on October 16, 1952 at the National Academy of 
Science Building, Washington, D. C. 

The Agricultureal Board was established in 1944 
upon joint recommendation of the National Re- 
search Council’s Division of Biology and Agriculture 
and the Association of Land Grant Colleges. Mem- 
bers of the Agricultural Board are appointed by the 
National Research Council and are concerned with 
the potentials of science as applied to agriculture. 
Through appropriate committees it collects facts and 
evaluates existing knowledge in relation to probable 
results of present policies or practices in agriculture. 
It surveys and correlates trends of present research 
in relation to neglected areas most likely to yield 
profitable long-time results. It disseminates know]- 
edge and expedites the transition of research dis- 
covery to applications in agricultural and industrial 
operations. 
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The Agricultural Board is not concerned with re- 
search but with the evaluation of the problem and is 
intended to fill a need for greater integration between 
industry and research. Approximately 140 members 
on the various committees of the Agricultural Board 
are from Agricultural Research Institutions and In- 
dustry. Assignments have been made to committees 
on animal health, public health aspects of Brucel- 
losis, animal nutrition, feed composition, plant and 
crop ecology, aerobiology, agroclimatology, con- 
servation, crop geography and vegetable analysis, 
plant crop yields and plant pests and diseases. 

The Agricultural Research Institute was con- 
ceived in 1951 by scientists in Industry as a financial 
supporting organization for the Agricultural Board 
for promotion of the kinds of research and policies 
needed to insure the best long-time resources for the 
national welfare. 

Class A members in the Institute shall be repre- 
sentatives of corporations who are engaged in the 
production, processing or marketing of agricultural 
products, or agricultural equipment; or those corpo- 
rations who are engaged in scientific or economic re- 
search on projects relating to agriculture. 

Class B members shall include representatives of 
State and Federal Experiment Stations, academic 
institutions, scientific societies and other organiza- 
tions or individuals who are engaged in agricultural 
activities directed to the public welfare. These repre- 
sentatives may be nominated by the National Re- 
search Council and elected by the Governing Board 
of the Institute. 

Class A members shall pay $300 per year dues; 
Class B members shall pay no dues. The fiscal year 
of the Agricultural Research Institute shall begin on 
July 1. 

At the meeting on October 16 reports by members 
of the various committees of the Agricultural Board 
included one on animal nutrition whose results and 
publications have served as a guide to manufactur- 
ers who prepare 500,000 tons of feed annually. 

The committee on milk production and quality 
reported on health standards and regulations in 8 
U. S. cities. 

The committee on preservation of indigenous 
strains of maize reported on the 1500 collections from 
Mexico alone and the program to collect all local 
strains throughout North and South America. The 
committee, supported by the Rockefeller Founda- 
tion, is growing each strain of maize to preserve for 
future breeding purposes those genes not present in 
modern hybrid corn. 

Proposed new programs for committees of the 
Agricultural Board to be set up included: 

Plant nutrition, particularly the effect of in- 
creased nitrogen manufacture and legume produc- 
tion; food needs for the future; land resources and 
productive capacity; livestock mortality; insect 
and disease control vs. crop production; and 
mechanization of agriculture. 

It was pointed out that the difference is narrowing 
between research and production and that increase 
in crop production will soon level off. 

Representatives of Industry were enthusiastic 
about the value of the Agricultural Research Insti- 
tute because it gave them contacts with committee 
activities of the Agricultural Board. They discussed 
the importance of pests in the efforts to increase 
food production and urged that entomologists be 
represented on all appropriate committees of the 
Agricultural Board. 

The National Research Council has invited the 
A.A.E.E, to designate a representative to serve as a 
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Class B member of the Agricultural Research Insti- 


tute. 
Fioyp F. Smita 


Report oF BrocHourRE COMMITTEE 
ON OPPORTUNITIES 
IN ENTOMOLOGY 


Your committee appointed by the chairman of the 
Association to prepare a brochure on “Opportunities 
in Entomology” wishes to submit the following re- 
port: An outline for the brochure was prepared and 
submitted to the members of the committee for their 
consideration and possible approval. Each member 
of the Committee was invited to prepare material for 
a section in the brochure to represent his field of in- 
terest. The sections were: Research, Teaching, Ex- 
tension, Quarantine, Control Projects, Commercial 
and Administration. 

The Committee members approved the outline 
and accepted their assignments. Most of them had 
their sections prepared in time to discuss their ma- 
terial with the Executive Committee of the A.A.E.E. 
at the Pacific Slope Branch Meeting in June 1952. 
The reaction of the Executive Committee was fa- 
vorable. Since that time the remainder of the ma- 
terial has been received and work is under way to get 
the brochure in form to submit to the Secretary of 
the Association. 
P. J. CHAPMAN 
EpxariaM Hixson Rap E. Haan 
T. H. Parks STaNn.ey B. FrEesorN 
E. R. Sasscer D. G. Haut Associate 

Editor 
M. P. Jonus, Chairman and Editor 


REPORT OF THE JOINT COMMITTEE 
FOR THE DEVELOPMENT OF EN- 
TOMOLOGICAL TAXONOMY 


The appointment of this committee immediately 
presents two assumptions: (1) that entomological 
taxonomy needs development, and (2) that the ap- 
pointment of a committee will assist in this develop- 
ment. The Committee feels that both assumptions 
are reasonable. 

Taxonomy, according to Ferris, is “The arrange- 
ment of species and groups thereof into a system 
which shall exhibit their relationship to each other 
and their places in a natural classification.” 

There are several things which have militated 
against the best growth of this field. Although his- 
torically the taxonomy of insects was the first im- 
portant entomological endeavor, it resulted from the 
efforts of professional or businessmen as a sideline, 
an avocation. There is a desire on the part of most 
people to classify those things which they sense. A 
menu in a restaurant is an attempt at classification 
The hymns in a hymnbook are classified. So are 
clouds, trains, and ideas, 

Because of their abundance, obviousness, and 
variability, insects early came under the careful 
scrutiny of intelligent laymen who built up, largely 
in the 19th century, a mass of information under the 
Linnaean framework. To most of these people, in- 
sects came under the same general heading as coins 
or postage stamps. They were unique and often 
beautiful things, to be collected, traded, and finally 
to settle down in a cabinet which was the homologue 
of the stamp album. The field of taxonomy has been 
slow to realize that there are other uses for classifica- 
tion, and this amateur viewpoint, not always good, 
has formed much of the foundation upon which later 
taxonomists have had to build. The taxonomy of 
these earlier workers was an easier task than that 


W. L. Popuam 
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viich faces the present-day worker. Furthermore, 
ich modern work, while now accomplished by 
omologists, must be done on a part-time basis by 

,ple whose main endeavors are in such fields as 

iching or economic research, 

Che growth of facts in taxonomy has worked 
changes, oe the effort is not the same as it was even 
a quarter-century ago. The need for reference ma- 
terial is greater now than was the case then. Types, 
most important in taxonomic research, are much 
more widely scattered. And it takes more time to 
produce quality work than it did. Characters used 
differ both quantitatively and qualitatively and re- 
quire more painstaking investigation, and at times 
the application of such tools as statistics. 

As an outgrowth of this collecting and placing of 
reasonably durable objects of natural history in a 
system, has come the necessity for rules which at- 
tempt to produce order on a world-wide basis. Such 
rules are essential if the endpoint of order is to be 
reached. They have given rise to the field of nomen- 
clature, which is defined by Torre Bueno as follows: 
“Nomenclature in biology, [is] the fixing of its proper 
name to any biological unit; the art (or science) of 
scientific names.” It is conceivable that the taxon- 
omy of Ferris could exist without the nomenclature 
of Torre Bueno. Taxonomy actually is a condition 
which exists outside of the mind of man; nomencla- 
ture is his own conception for purposes of lucid com- 
munication, Nomenclature is the assistant of taxon- 
omy, not the master, and among those who do not 
realize this a certain amount of impatience arises 
with the taxonomic striving for order. 

The value of taxonomy, the intricacies of its 
mechanism, the necessity for instability in nomen- 
clature in order to reach stability, is poorly under- 
stood by many biologists in related and somewhat 
dependent fields. 

‘To summarize, taxonomy often is based on the 
efforts of amateurs or non-professionals, It is not 
understood—even by many in the field—that it is 
more than a collecting and labelling activity. The 
field has become more complex, more demanding, 
and more difficult. Legalistic nomenclatorial activity 
has been accused by some of taking too much of 
effort and time, and by others its importance is not 
well understood. It is not commonly realized, either, 
that instability represents the rungs in a ladder 
reaching upward toward stability. 

One other factor, somewhat apart from the ones 
just discussed, should be mentioned. The general 
public has little knowledge of the field, and those 
who are exposed to some phase of the subject are not 
likely to understand its fundamental importance. 
The public measures scientific effort in terms of its 
own understanding and experience. Economic ac- 
tivitis are understood; an attempt is being made to 
solve a problem in which the public has an immedi- 
ate interest. It is probable that most taxonomic 
studies, whether faced by a farmer or a congressman, 
would be classified with the ivory tower activities of 
a mathematician interested in topology. The taxo- 
nomic influence on the welfare of other studies in 
other fields is in the lay mind a nebulous thing. 

The fact that this joint committee has been ap- 
pointed seems to eliminate the necessity of defending 
taxonomy to the societies to whom the committee 
must report. We should mention, however, some- 
thing of its importance. 

\n artificial barrier sometimes is raised between 
the economie and the taxonomic entomologists. 
That it is artificial can be demonstrated if one lists 
the fields of training necessary for the modern 
taxonomist and the modern economic entomologist. 
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The training common to both activities far out- 
weighs that which may be specific to either. Differ- 
ence, then, falls largely into objectives and points of 
view. 

Why is entomological taxonomy important? 

Taxonomists are the entomologist’s F.B.I. 

Taxonomy is basic to good economic entomology. 
One has only to point to the case of the screw worm 
fly for verification. All of our quarantine activity is 
based on good taxonomy, without it quarantines 
would break down quickly. The present possible 
sabotage through biological warfare must depend on 
good taxonomy for detection. Medical entomology is 
highly dependent on proper identification of hosts 
and vectors by highly trained specialists. One can 
speculate on the interdependence of the two ento- 
mological endeavors as follows: Without taxonomy 
there would be a dulling of control efficiency, espe- 
cially in an age of rather specific and highly potent 
insecticides. There would be a general decay in the 
quality of economic research, and the cost of this 
research would rise. On the other hand, were it not 
for public interest in the economic phases of our pro- 
fession, there would now be a few taxonomists in a 
few museums and educational institutions; the rest 
of the work would be done by a few businessmen, 
doctors, and retired ministers with their private 
sabinets. If taxonomy is to grow it will have to rely 
initially at least on the good public contacts which 
the economic entomologists have built through the 
years. 

Taxonomy is of great importance in itself. Only 
through good studies, either new or based on older 
less perfect ones, can we get a grasp of the world 
picture, of biological interrelationships of which we 
now have only an obscure knowledge. This world 
picture is becoming of greater importance continu- 
ally. Only through good taxonomy can we hope to 
approach the intricate and difficult problems of evo- 
lution and of zoogeography. Other biological fields 
are far ahead of entomology in these respects, and 
must await entomological studies for light which 
such researches may throw on problems affecting 

their own fields, and elucidation of possible happen- 

ings before the advent of the higher vertebrates. 
Such fields as insect physiology can profit greatly 
from a dynamic and modern approach to taxonomy. 

The working tools of taxonomists are no longer 
limited to books, a microscope, and a collection. The 
population as it exists in nature is seldom properly 
represented by types on pins. The modern taxonomy 
requires field work and field observation. It must 
draw on a knowledge of ecology. It must call for 
assistance from geologists, botanists, mammalogists, 
ornithologists, meteorologists, and a host of others. 
Modern taxonomy is a dynamic field in fundamental 
biology. Taxonomic facts must be put to the broad- 
est possible fundamental use. 

Now what can be done to stimulate entomological 
taxonomy? 

There appears to be a sufficient number of de- 
veloping taxonomists to fill immediate needs for 
there is little difficulty in filling taxonomic positions. 
This does not apply, of course, to specialized posi- 
tions of fairly high grade where considerable experi- 
ence in restricted areas is necessary. The inherent 
desire of young entomologists to classify could bring 
out, if these students were encouraged, enough spe- 
cialists to greatly expand the field. Many students 
with taxonomic bent change to other fields where 
employment is a greater likelihood. It would do little 
good to expand the number of assistantships and 
fellowships in taxonomy, if graduates must go into 
other fields, but the teaching of those who do go 
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through their graduate program in taxonomy con- 
ceivably could be inspected, renovated, and modern- 
ized. 

Practicing taxonomists with multiple duties could 
be given time and encouragement to develop their 
programs; taxonomy for these people could be given 
at least equal status with teaching or administration, 
The greatest need is for more positions for competent 
taxonomists and greater. ease in getting their re- 
searches in print. 

All taxonomists should be urged, if not directed, to 
spend a portion of their time in the field, preferably 
with economic entomologists who are attacking prac- 
tical problems. The taxonomists should know what 
the problems are, and the associated economic ento- 
mologists should learn of the problems facing the 
taxonomists. Travel budgets should allow for this 
field work. Every experiment station should have at 
least one person whose responsibility is taxonomy 
and who would be detailed to do all insect identifica- 
tion. 

The field of publicity has hardly been scratched. 
It needs thorough plowing. Publicity does not await 
the services of trained publicists. Taxonomists 
should be included in field days for farmers where, as 
an immediate service, they can identify specimens 
which are brought to them. They should be called on 
to speak before professional and lay groups. Their 
work should be publicized by the press. If a collec- 
tion is received from Antarctica or Kenya it is a mat- 
ter of local pride that a local person is looked on as an 
authority fit to examine it. Taxonomic findings can 
be publicized. How many noctuids are known from 
your state? In numbers, how does this compare with 
the bird list? What are the geographical relationships 
of your meloids? Have they relatives in South 
America? Certain species of termites have been 
taken only from the stomachs of toads. The possi- 
bilities of getting news of a taxonomic nature before 
the public are abundant when the publicist is aware 
of things that occur daily in any taxonomic labora- 
tory. 

Publicity is not an end in itself. If it makes others 
aware of the importance of taxonomy it may increase 
the support which we feel is needed. 

More immediately, we feel that generalities and 
platitudes are of value only as they are translated 
into action. To this end we feel that a specific and 
pointed questionnaire should be sent to persons in 
responsible positions who are at the policy-making 
level, or who can influence policy makers, asking 
such things as the following: Would you be inter- 
ested in employing another taxonomist on your staff? 
Would you be willing to put an item in your budget 
for this purpose and to defend this item? In the de- 
velopment of the whole field of entomology, would 
your organization be willing to establish a taxono- 
mist’s position with indefinite tenure in one of your 
laboratories? Would you be willing to subsidize such 
a position in a museum or educational institution? 

With this in mind, we respectfully recommend 
that a committee such as the present one be ap- 
pointed for one or two years more to draft such a 
document, decide on a mailing list, transmit the 
questionnaire, receive and tabulate the replies, and 
report back on its accomplishments. 

Marston Batus 

Harry F. Dietz 

Roger B. Frrenp 

C. F. W. MugsEBEcK 

L. L. PecuuMan 

Harvow B. Mitts, Chairman 


JouRNAL OF Economic ENTOMOLOGY 


Vol. 46, No. 


Report ON THE THtrRD NATIONAL 
CONFERENCE OF THE UNITED 
States NATIONAL CoM- 
MISSION FoR UNESCO 


Press of official business in Washington made it 
impossible for Dr, S. B, Fracker to join inie as ohe of 
your representatives at the UNESCO conference. 
The conference, which was held in New York Janu- 
ary 27-31, 1952, was in sottie respects a well ge 
ined bedlam. It was well organized in that a lot of 
planning was done in advance and everything went 
off according to plan but a bedlam because of the 
numerous interests involved and the difficulty of 
learning what was going on in more than one section 
or work group. This situation would occur in every 
organization of such extended scope. 

The program provided for general sessions held in 
the morning. At these sessions the broad across-the- 
board aspects of UNESCO were discussed. Following 
these there was a series of section meetings held the 
first afternoon of the conference. Of greatest interest 
to me was the consideration of specialized topics dis- 
cussed in so-called work groups. The latter met the 
second and third afternoons: 

The character of discussions at the general session 
was for the most part cut and dried. They were not 
open discussions but merely messages by very promi- 
nent speakers. For example, at the General Session 
on January 28 papers were read as follows: 

“A Message from TryGVE Lin, Secretary General, 
United Nations.” Huau Keen eysine, Director 
General, United Nations Technical Assistance 
Administration. 

“UNESCO—A Mission for Every Man.” Jaime 
Torres Bopet, Director General, UNESCO. 

“The Moral Requirements of the United Nations 
World.” Rermmuotp Niesuur, Vice-Chairman, 
U.S. National Commission for UNESCO, 

Months before the conference, delegates were asked 
to indicate their choice of section meetings and work 
groups. They were also given an opportunity to sug- 
gest topics for discussion, There were 13 different 
section meetings. Among these were the sections on 
Development Toward An_ International Legal 
Order, Peaceful Settlement and Collective Security, 
The Fight Against Ignorance, Pooling Resources for 
Progress of Underdeveloped Areas, Food and People, 
and various other sections dealing with such subjects 
as labor, health, human rights, communications, 
refugees, trade, ete. 

In view of my interests in regulatory work and in 
the laws and requirements of foreign countries as 
well as the interests of FAO in this field I elected to 
attend the section on Development Toward An In- 
ternational Legal Order. The section meeting was 
disappointing. There was a panel discussion involv- 
ing a lot of legal talk on such subjects as power bal- 
ances, etc. [ could not see that any definite conclu- 
sions were reached which made a contribution to de- 
velopment toward an international legal order and 
from the limited discussion from the floor it was ap- 
parent that others shared this feeling. From what I 
heard I judge that there were other section meetings 
which were as disappointing as the one I attended. 

The work group meetings, if I may judge from the 
one dealing with “Opportunities for Scientists and 
Engineers to Contribute to Peace Through the 
United Nations System,” were decidedly construc- 
tive. Chairman of the work group above mentioned 
was Dr. John S. Nicholas, zoologist (Yale). The dis- 
cussions were led by Dr. Maurice Visse cher, physi- 
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ologist (University of Minnesota). There were per- 
haps forty scientists in attendance. 

| was very much impressed with the fine job 
t NESCO is doing in fostering science. It functions 
largely as a catalytic agency and clearing house. In 
his address Dr. Nicholas pointed out that UNESCO 
put up about $2,000 for a congress of zoologists 
which assured the presence of a few outstanding 
zoologists. When this became known other zoologists 
attended at their own expense, or at the expense of 
their institutions or countries. Any country or insti- 
tution may write UNESCO suggesting a symposium 
or proposing a project. UNESCO will then get in 
touch with various countries and do the necessary 
spade work. They may set up a sum to start the 
project as in the case of the zoologists congress. This 
would depend on the information which they de- 
veloped. Most of their funds have gone into sym- 
posiums, commissions, ete., publications, interna- 
tional services, laboratories, and collections. One of 
the international services which they set up was an 
International Computing Center, equipped with ex- 
pensive computing machines which scientists of 
member countries may use. The Center is also a 
place of training and itself performs research. It 
should eventually be self-supporting. An arid re- 
search laboratory was proposed but when UNESCO 
went into the matter it became apparent that be- 
cause of the varying climatic and other factors such 
a laboratory would be of limited usefulness. What 
was needed was coordination of research and ex- 
change of information. That was arranged. 

In the discussions the need for humility, under- 
standing and patience was repeatedly emphasized. 
Too often our workers assume the attitude that there 
is only one way to do a job—the American way. 
They are likely to know little of the research of 
foreign workers, often show a lack of understanding 
of the limitations of various countries and too fre- 
quently fail to appreciate the necessity of adapting 
American methods to those limitations. It would 
often be better to let the foreign workers work out 
techniques and problems in their own way within 
the framework of their limitations which we may 
lack the patience to fully understand. 

The engineers complained that too often we sent a 
boy to do a man’s job. Such a person could not com- 
mand the respect of the foreign administrators nor 
could he understand those in a lower level. When he 
finished his job he might never go back on a foreign 
assignment and his experience would be lost. The 
salaries were too much for the man employed but not 
enough for a top-flight engineer. 

\s illustrative of our haste in getting things done 
criticism was directed at sending a team to Germany 
in December to return in February for the prepara- 
tion of a report which was to give industrialists ad- 
vice. More study and greater understanding is re- 
quired. It was agreed that those who go on foreign 
assignments should be thoroughly briefed. 

Dr. E. C. Stakman, plant pathologist (University 
of Minnesota) said complaints were made in Paris 
that our difficulties come in dealing with concepts 
rather than precepts. They also complained that we 
didn’t send men to match our dollars. 

Following is a summary of the findings of our 
work group. In connection with barriers to the ex- 
change of goods, foreign plant quarantines were 
mentioned. On this there was definitely a misunder- 
standing which I corrected. The resolution on this 
subject as originally passed carried a statement that 
barriers should not be erected unless there was a 
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sound biological basis in the interest of protecting 
the natural resources of a country. 


FINDINGS OF WORK GROUP 9 OPPORTUNI- 
TIES FOR SCIENTISTS AND ENGINEERS TO 
CONTRIBUTE TO PEACE THROUGH 
THE UNITED NATIONS SYSTEM 

“The findings of this group may be summarized 
under four main headings: 


1) The role of science in the UNESCO program. 

This group does not ask that UNESCO use its 
limited resources to promote science for science sake, 
but rather for the good that it can do in helping to 
promote peace. We urge, however, that the en- 
couragement of basic science is essential to the de- 
velopment of the UNESCO program. 


2) International Research Projects. 

The group heartily approves the present attempt 
to raise the living standards of mankind throughout 
the world through Arid Zone Research and similar 
projects and we strongly recommend attention to the 
following additional areas: 

a. Greater attention to the finding and utilization 

of minerals and metals. 

b. Wider utilization of the services of the engineer- 

ing profession. 

Reduction of barriers to the exchange of goods 
and services to a minimum. 

Recognition of the importance of learning as 
much as possible about populations in relation 
to physical and human resources. 


3) Barriers to the carrying out of the program and to 
international understanding that should be removed as 
rapidly as possible. 

Among the most important barriers were two that 

received special consideration: 

a. We deplore the legal barriers erected by the 
United States which prevent the free exchange 
of scientists, and the resulting barriers to inter- 
change of scientific knowledge and skills. 

. We deplore the tendency in this country to rely 
solely on scientific sources written in our own 
language as being inefficient and discourteous. 

To correct this tendency to ‘scientific isola- 
tionism’ we urge: the importance of knowledge 
of other languages, a much more efficient inter- 
national abstracting and indexing of of scien- 
tific and engineering publications, and special 
consideration of this problem by schools and 
colleges. 


+) More coordination of the specialized scientific 
fields among themselves and with other major di- 
visions of UNESCO, especialiy through Interdiscipli- 
nary Conferences.” 

I enjoyed sitting in with the work group and 
think the Association’s representation at these 
UNESCO conferences is desirable from the stand- 
point of both research and regulatory work. 

Gro. G. BECKER 


Report or ANNUAL MEETING OF 
Joint COMMITTEE ON GRASSLAND 
FARMING 

Following receipt from C. B. Bender, Chairman, 
Joint Committee on Grassland Farming, of an invi- 
tation to the American Association of Economic 
Entomologists to affiliate with that group, the under- 
signed was designated by President Campbell to act 
as an informal representative of the AAEE, pending 
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action on the invitation by the Executive Commit- 
tee meeting in Cinncinnati, Ohio, December 10, 
1951. 

The annual meeting of the Joint Committee on 
Grassland Farming was held in Chicago, Illinois, 
November 28, 1951. Literature on the background 
highlights of the Committee and a proposed revision 
of the bylaws were distributed at Chicago, and copies 
are appended for Executive Committee Considera- 
tion. The major activities of the Joint Committee 
are reflected in two publications, “Green Fields Are 
Gold” and “Grassland Livestock Handbook,” copies 
of which are also appended. There has been no 
previous participation by entomologists in the af- 
fairs of the Joint Committee, but Chairman Bender 
advised that the part that entomology can take in 
furthering the objectives of the Committee is con- 
siderable, and he was hopeful that the invitation 
extended to the AAEE would receive favorable con- 
sideration. Future publications by the Committee 
are anticipated, and discussions of entomological 
problems should appear therein. 

It appears that the objectives of the Grassland 
Committee are compatible with those of the AAEE, 
and that affiliation with the group would provide an 
opportunity for recognition and advancement of our 
profession generally. Accordingly, it is recommended 
that the Association accept the invitation of the 
Committee to affiliate with their group, and that a 
permanent representative of the Association be ap- 
pointed to function on the Committee. 

RESPECTFULLY SUBMITTED 
W. A. Baker 
Temporary Representative for the AAEE 


Report or THE A.A.E.E. Spectau 
COMMITTEE ON INSECT SURVEYS 


The Committee met in Washington, D. C., June 
15-17, 1952, to consider its assignment, review pres- 
ent insect survey activities, and consider suggested 
ways and means whereby such activities could be 
improved or expanded to serve a more useful pur- 
pose. 

In general, the objectives of the Committee were 
defined as follows: To stimulate interest in the need 
for and value of surveys; to solicit and encourage 
more universal participation in one or more of the 
general types of cooperative insect pest surveys; and 
to foster the development and adoption of uniform 
and standardized methods of procedure. 

The Committee recognized that there are many 
independent types of surveys which may be indi- 
vidually characterized by the type of information 
desired or the purpose for which it is to be used, but 
that in general all surveys are in some degree inter- 
related. To more closely describe both objectives and 
interrelatilnships, the Committee has proposed for 
consideration a classification or organization of sur- 
vey activities. 

(1) Detection.—Survey to detect the possible 
presence of insects in areas where they have 
not been known to occur heretofore. 

(a) Quarantine.—Survey to determine the 
possible presence of insect species which 
are the subject of quarantine restriction, 
to be conducted in areas in which such 
species are not known to occur, the result 
of such surveys to be used as a guide in 
properly modifying such restrictions. 

(b) Faunistic Surveys.—To develop the in- 
terrelationship of species by geographical 
and ecological conditions or areas. 

(2) Service Surveys.—These surveys are con- 
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ducted primarily to supply farmers and agri- 

culture in general with the information neces- 

sary to plan and execute sound insect contro] 
programs. 

(a) Annual Abundance.—Surveys to deter- 
mine through adequate quantitative 
methods practicable estimates of the dis- 
tribution and relative abundance of im- 
portant economic insect pests. 
Continuing Service Surveys.—Frequent 
or continued observations on the develop- 
ment of potentially dangerous insect in- 
festations to detect changes upward or 
downward and to make available for dis- 
tribution to users information on the need 
for and proper timing of control measures. 
Migratory Species.—Determine the abun- 
dance and seasonal development of highly 
migratory species at the source of hiber- 
nation or initial infestation points of de- 
velopment as a means of forewarning dis- 
tant areas on the probable timing and in- 
tensity of migration. 

Damage Estimates.—While casual esti- 
mates of insect damage in local or exten- 
sive areas may serve a useful purpose, 
such estimates should, wherever possible, 
be based upon quantitative data on insect 
abundance and sound factors for com- 
puting losses developed through ade- 
quate research. 

Pesticide and Equipment Requirements. 
—Reasonably reliable estimates of un- 
usual pesticide or equipment requirements 
will be of inestimable value in obtaining 
orderly distribution of such materials. 

National Defense.—Surveys designed to de- 

termine the presence or absence of new insect 

pests that might be introduced through acci- 
dent or subversive action. Any insect pest 
surveys proposed or recommended in the in- 
terest of national defense, to be sound, effec- 
tive, and efficiently and economically ad- 
ministered, should and must be directed 
through presently organized channels for the 
conduct of detection and service surveys and 
by complete integration with such activities. 

The Committee felt rather strongly that the per- 

manent and ultimate research value of survey data 
would be more or less proportionate to the signifi- 
cance of its quantitative value, and therefore urges, 
insofar as it is sound and practical, the development 
of standardized techniques in survey methods that 
will produce quantitative data of comparable, last- 
ing, and significant value. 

(1) Survey Methods.—While all authentic records 
on the distribution and abundance of insects 
are of value, quantitative data obtained 
through the use of standardized and approved 
techniques or survey methods will be most 
valuable for immediate purposes and for the 
permanent record, which in time will be of 
inestimable value to those engaged in the 
study of insect ecology. Several reliable survey 
methods have been developed and are in use. 
It is recommended that where this has not al- 
ready been done, such survey methods be 
published or otherwise made available in 
mimeographed form to those interested in 
surveys. It is further recommended that re- 
search entomologists devote some thought 
and time to the development of reliable sur- 
vey techniques for the quantitative evaluation 
of abundance of additional species. 
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') Records and Reports.—While the Committee 
has no desire to stifle cooperation by the im- 
position of undue standardized requirements 
for the collection and reporting of data, we 
recognize the desirability of obtaining as much 
uniformity as possible in the manner of present- 
ing reports. It is suggested that his subject be 
given further consideration. 

t seems obvious that to be eminently successful, 

a nation-wide insect pest survey will require the 
complete, whole-hearted cooperation of all interested 
agencies—state, federal, and private. For the time 
being, at least, this Committee recommends that 
each and every member of the Association become 
in some way identified with survey work and take an 
active part in the national survey effort currently 
being developed through the cooperative effort of 
state and federal agencies under the leadership of 
Mr. Kelvin Dorward. 

Respectfully submitted, 

H. M. Armitace 

Ketvin Dorwarp 

L. S. HrrcHNER 

W. C. NetTrLes 

R. G. Ricumonp 

G. C. Decxsr, Chairman 


ReEepPorRT OF COMMITTEE ON Com- 
MON NAMES OF INSECTS 


During 1952 the Committee has considered, by 
means of ballots distributed to all Committee mem- 
bers, a large number of proposals for new official 
common names and a smaller number of proposals 
for changes in existing names. This included a con- 
siderable group on which action was partially com- 
pleted at the end of 1951. A total of 41 new names 
and two changed names were approved by the Com- 
mittee and await final consideration by the Associa- 
tion prior to official acceptance. A small number of 
proposals now await study by the Committee. 

The Committee has felt a need for further guid- 
ance in evaluating proposals which are submitted. 
As a result, in 1951 the Committee decided to pre- 
pare a statement of principles, not as a final report, 
but as a means of disseminating information on 
matters already agreed upon and for the purpose of 
stimulating thought and soliciting opinions on other 
aspects of common names. The statement was pre- 
pared in 1952 and accompanies this Report as an 
appendix, but the following principles concerning 
the Common Name List have been extracted from 
the summary of the statement for presentation here: 

1. Included species will in most cases inhabit the 
United States, Canada, or their possessions and 
territories. In special cases, other species may be 
added. 

2. The list is intended for those insects and related 
invertebrates which commonly are of concern to ap- 
plied entomologists because of their economic im- 
portance, striking appearance, abundant occurrence, 
or for any other sufficient reason. 

3. Where possible, more than three words should 
be avoided in a common name, but four are per- 
missible if reasons are sufficient. 

+. In the case of names having two parts, one of 
them a group name, it is desirable that a single word 
be used for the group name if it is used in a sense that 
is systematically correct. Example: “house fly,” as 
contrasted with “citrus whitefly.” 

5. The use of parts of the scientific name in the 
common name is undesirable unless the words in- 
volved are thoroughly established by usage as a 
common name, 
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6. Only in special cases should an insect have more 
than one common name. 

7. In the case of insects of concern to entomolo- 
gists in both the larval and adult stages, the name 
preferably should apply to the most important or 
best known stage, or to the one for which usage has 
established the better name. 

8. In all cases involving the adoption of new com- 
mon names or changes in those previously estab- 
lished, the fullest consideration should be given to 
past usage and the probable future usage. Members 
who wish to recommend new names or changes in 
existing ones should accept the responsibility of 
making the necessary investigation. In so far as possi- 
ble, the considered opinions of entomologists ex- 
perienced with the insects concerned should be ob- 
tained before names are proposed, and all of the 
available evidence, both for and gaainst, should ac- 
company the proposal when it is submitted to the 
Committee. 

It is recommended that the statement on princi- 
ples be brought to the attention of the Interim 
Governing Board for consideration as to its suit- 
ability for publication in an early issue of the Bulle- 
tin or by other means. 

At the 1945 meeting the Association authorized 
the Committee to “prepare a list of common names 
for groups of insects, especially families, and submit 
such names for approval.” Between 1945 and 1952 a 
beginning was made on the study of group names. It 
is hoped that in 1953 this may be carried forward 
sufficiently to permit a preliminary list to be sub- 
mitted to the Society for final consideration. By 
1954, if conditions warrant, it may be possible to 
have a new printing of the Common Name List, in- 
cluding the new names processed since the 1950 
printing, certain changes and corrections, and a pre- 
liminary list of group names. 

The recommendations of the 1951 Committee 
(Jour Econ Env. 45, p. 149, 1952) are invited to the 
attention of the Association as helpful guides. 

Respectfully submitted, 

D. Etmo Harpy Paut O. Ritcurr 

A. E. Micue,pacHEerR  Frep E, Waitrrunap 

C. E. Smita DonaLp MacCreary 

T. R. Ross G. J. HAnUSSLER 

Rosert GLEN ASHLEY B. Gurney, 

Chairman 


Entoma 


GrorceE S. LANGrorp, Editor of Entoma, gave the 
Executive Committee a financial statement ap- 
proved by the auditor showing the income and ex- 
penditures for the Ninth Edition of Entoma, cover- 
ing the period from November 6, 1950 to December 
10, 1952. As of December 10, 1952 income exceeded 
expenditures by $1,479.21. 


Income 
Advertising and Bold Face 


Listings 
Book sales........ 


$9 , 355.10 
2,470.98 


$11,826.08 


Expenditures 


Stationery and office sup- 
plies $ 

URI. 6 ci.+ + eons scien 

Secretarial and editorial 
UE oc hers nal ieums 


132.03 
1,255.00 


1,622.55 
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Printing. . er 
Taxes and re efunds. . ee. 29.76 
Transferred to the Eastern 

Branch... . mina 300 .00 


Entoma—FIN ANCIAL STATEMENT 
Ninth Edition—Nov. 6, 1950—Dec. 10, 1952 
Summary Bank Statement 


Bank deposits... gh usce 46 eter A ~oeee , OF. 8e6.08 
Bank withdrawals 
Transferred to Eastern Branch (Driggers).......... Sey sie oe 300.00 
Taxes and refunds... . 29.76 
Transferred to American Association of Economic E ntomologists (€ ‘ory) 10,800.00 
Bank balance. wy og a eps 696 .32 


$11,826.08 


Income 
Advertising oe eye sn Meee. eee Behr 8,596.10 
Bold Face Listings ane ts 759.00 
Book Sales 8th Edition (plus bank statement—8179 .04) 502.45 
Book Sales 9th Edition... Sree ry 1,968 .53 


$11,826.08 
Expenditures (paid by Treasurer—A.A.E.E.) 
Stationery and office supplies. . . syne cf aes 132.03 
Stamps..... 4 a oe 1,255.00 
Editorial and Secretarial work... . ar ree 1,622.55 
Printing.... ie 7,007.53 
$10,017.11 
Expenditures (paid by Entoma) 
Taxes and refunds cee 29.76 
Transferred to Eastern Branch........ = a 300.00 


$ 329.76 
Grand Total... . 
Income Less Expenditures. . 


Location of Surplus Funds 


Treasurer—A.A.E.E. , 782.89 
Entoma account ( ‘Prince Geo. Bank & Trust i) Sha Saar R pe Re 696.32 


aotals... ne .. $1,479.21 


EstimmatepD Prorit To BE DeriveD From NintuH EpItIon 
PREDICATED ON ESTIMATED FuTURE SALES 
Surplus on hand... Joos nes BU S7Os29 
Outstanding advertising (process of payme nt). Peet is 38.00 
Estimated Income (additional sales) . . . ie 600.00 


$2,117.21 
Outstanding Bills 


Eastern Branch (funds to be transferred)... .. . Dek ; a 202.45 
Editorial and Secretarial help. Reet eet nt 75.00 


$ Q77 45 
Estimated Net Profit for Ninth Edition. . 


Inventory 
Number of books on hand—479 


$10,346.87 
1,479.21 


$11,826.08 


$10 ,346.8 
1,479.2 


$ 1,839.76 
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APPENDIX 


An APPEAL FOR A CLEARER UNDER- 
STANDING OF PRINCIPLES CON- 
CERNING THE UsE oF COMMON 

NAMES 


At its 16th Annual Meeting (1903),! Our Associa- 
tion selected a Committee on Nomenclature for the 
purpose of sec uring the adoption of uniform names 
for our more common insects. In June 1908 a list of 
142 names “rec ommended for exclusive use’ was 
published in the JouRNAL or Economic ENTOMOL- 
oay, the result of the first four years of consultation. 
In 1922, Suggested Rules governing the choice of 
common names were made and accepted,? and by 
1925, 541 names had been accepted.’ At present, 
nearly 1300 species are included in the list of Com- 
mon Names,‘ and requests for additions or changes 
are being received continually. While some progress 
has been made in establishing principles, proposals 
from members often reflect the need for a wider 
understanding of these principles which have been 
adopted, as well as clarification of matters not 
covered by previous statements. The Committee on 
Common Names has felt a need for further guidance 
in evaluating proposals which are submitted. As a 
result, in 1951 the Committee decided to prepare a 
statement of principles, not as a final report, but as a 
means of disseminating information on matters al- 
ready agreed upon and as a means of stimulating 
thought and soliciting opinions on other aspects of 
common names. As a result of the amalgamation of 
the American Association of Economic Entomolo- 
gists and the Entomological Society of America, 
previous Constitutions and By-Laws become void, 
and at present we simply have statements in the 
new Constitution and By-Laws as to the compo- 
sition and chief functions of the Committee on Com- 
mon Names of Insects. Therefore, it is important 
that at this time we have a clear understanding of 
principles. In this report frequent reference is made 
to certain Suggested Rules adopted by the Associa- 
tion in 1922. They are helpful to us as precedents and 
as indicators of the previous sentiment of members, 
but under the new Society organization they cer- 
tainly are not binding. We are in the position of 
choosing the best from the experience of past years 
and adopting principles of our own. 

We probably all realize that Association-spon- 
sored common names are not needed for the great 
bulk of insect species which thus far are of only minor 
indirect concern in applied entomology. On the other 
hand, a need for standardized common names for 
important species has long been felt by Association 
members. Indeed, in several other countries also, the 
adoption of more or less officially approved common 
names, following consideration, has been a natural 
and practical step in the development of applied 
entomology. The basic name of an insect, the one 
not subject to change with international boundaries, 
is the scientific one, and common names in no way 
detract from the importance of scientific names, nor 
are they intended to do so. Common names are 
primarily intended for use in situations where, di- 
rectly or indirectly, relationships with the general 
public are involved and scientific names alone are 
not entirely adequate. As entomology has “come of 
age,” there has been a growing need for common 
names. Some names come into use of their own ac- 
cord, but since they seldom are used uniformly with- 
out some sort of guide, it is important that there be a 


PROCEEDINGS, Sixty-FourtTH ANNUAL MEETING 


207 


list of the more important species to promote sta- 
bility. 

It is well known that priority is a basic factor in 
establishing the proper scientific name of an insect 
or of any other animal. In other words, for each 
species or genus the first name used in an approved 
fashion is the one that is considered valid, regardless 
of whether the name later is found awkward or un- 
popular. This is not true of common names. Scien- 
tific names, with certain exceptions, conform to a 
rather exact plan which is guided by an international 
commission, and they are primarily intended for use 
by technical workers in recording scientific facts, and 
for communicating among themselves in a precise 
manner. Common names, on the other hand, are the 
outgrowth of usage at all levels, from the lay public 
to the professional zodlogist. They are not interna- 
tional in scope according to any definite plan, 
though in the United States and Canada the ma- 
jority of entomologists give more or less support to 
the informal activities of this Committee. The most 
important recommendation for a common name is 
not that it has priority, but that it is being used 
freely and sensibly, and that it is thoroughly popu- 
lar. However, the name should have stability and 
not be subject to change without substantial reasons. 


GroGrAPHIC AREA CovERED 


Although the List of Common Names primarily 
includes species which inhabit the continental 
United States, its Territories and Possessions, and 
Canada, practice should be quite flexible concerning 
species which do not occur here but which are of 
appropriate significance to American entomologists. 
Already we have many included species which origi- 
nated abroad and have their natural affinities there. 
A species not yet established in North America, or in 
any Canadian or United States territory or posses- 
sion, may merit inclusion in the list if there is great 
danger of introduction or if for other practical reasons 
American entomologists are sufficiently interested to 
justify an approved common name. 


Wuat Species ARE ELIGIBLE For INCLUSION? 


No precise definition of eligibility for inclusion in 
the Common Name List is possible. Spiders, mites, 
ticks, snails and other invertebrates which are not 
insects customarily have been included if they are of 
sufficient interest to applied entomologists. It is felt 
that spiders, ticks, centipedes and other arthropods 
which the general public is likely to confuse with 
insects are eligible if they are of outstanding public 
interest, regardless of whether they are pests. On the 
other hand, crabs, crayfishes and certain other- 
arthropods which are not commonly confused with 
insects will be unlikely to justify inclusion in the list. 
As a general rule, species which are neither insects 
nor arachnids should not be considered favorably for 
the Common Name List unless clearly they are 
strongly related to applied entomology. 

Included species are not all important in the sense 
of being pests or having a definite positive or nega- 
tive value. The first of the Suggested Rules adopted 
in 1922 was that common names should be applied to 
species of economic importance, striking appearance, 
or abundant occurrence. Examples already on our 
list more because of their wide interest to the general 


1 Jour. Econ. Ent. 1: 209-213, 1908, 
2 Jour. Econ. Ent. 16: 21-24, 1923. 

3 Jour. Econ. Ent. 18: 521-545, 1925. 
4 Jour. Econ. Ent. 43: 117-138, 1950. 
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public than for their direct importance are the hell- 
grammite or dobsonfly, cynthia moth, eyed click 
beetle, and viceroy. Any insect which is of consider- 
able interest to more than a small and specialized 
group of people is worthy of consideration. Copies 
of recent lists have been in significant demand for 
the use of extension workers, persons engaged in 
public health programs, physicians with an interest 
in entomology, biology teachers and others, in addi- 
tion to entomologists. We all know, more or less, the 
broad scope of the questions on insects which face 
people in fields of work related to entomology. Inso- 
far as reasonable, species which regularly receive 
attention deserve representation on the Common 
Name List. 

Some groups of insects are now much better repre- 
sented on the Common Name List than others. For 
instance, 23 species of Dendroctonus bark beetles are 
included, but only one species of Anopheles mos- 
quitoes and 12 species of all mosquitoes. In many 
groups, grasshoppers and termites for example, cer- 
tain species which consistently are of economic con- 
cern have not been placed on the list. In some cases, 
the disproportionate representation of different in- 
sect groups is due to the enthusiastic interest of a 
small group of people, or even of one man. In some 
families, however, and mosquitoes may be one of 
them, there has been little actual use of common 
names by the people who work with the group. 
Though, in the sense of being important, species in 
such groups clearly are eligible for the Common 
Name List, they should be added only as there is a 
demand for them. Eventually, however, common 
names will be found useful for most important spe- 
cies. 


REQUIREMENTS OF A Goop ComMon NAME 


What constitutes a good common name is de- 
batable, and rules must remain somewhat flexible, 
but several strong recommendations are warranted. 
Several were laid down in earlier years, and although 
they are not binding under the new Constitution and 
By-laws, they are precedents weriiy of the most 
careful consideration. It was decided several years 
ago that a name of more than four words should be 
avoided. One exception appears in our list, the 
“smaller European elm bark beetle.” About a dozen 
official names contain four separate words. It is clear 
that too long a name is awkward to use and would 
tend to defeat its own purposes. Where possible, 
over three words should. be avoided, but four are 
permissible. 

For a few species, such as the viceroy and cadelle, 
the common name consists of a single word, usually 
one of time-honored usage. Most names have two 
parts, one indicating the family or group, and the 
other a modifier. A 1922 rule stated that, in general, 
it is desirable to have two parts with this relation- 
ship. A few years ago, following a discussion by C. L. 
Metcalf published in 1942,5 it was decided that, 
where possible, uniformity should be adopted in 
using a single unhyphenated word for the group 
name if the group name is actually systematically 
correct, as in the examples “‘house fly,” “bed bug,” 
and “corn sap beetle.” If the group name used is not 
systematically correct, though nevertheless desirable 
to retain because of usage, it preferably should be 
combined in a single word with a modifier, or 
hyphenated with the modifier if that makes for 
clarity due to the combined single word being exces- 
sively long or awkward. Examples are “citrus 
whitefly,” “citrus mealybug,” “cranberry fruit- 
worm,” and “bristly rose-slug.” 
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There has been a tendency to restrict group nam: 
to just one group for each. By that is meant, for 
example, using the substantive “plant bug” only for 
members of the family Miridae and “clearwing”’ 
only for Aegeriidae. In the case of the latter term, 
“clearwing” has sometimes been applied to certain 
clearwinged day-flying species of Sphingidae, but 
those species are not yet on the official list and their 
adoption with the group name “‘clearwing”’ is hardly 
advisable. The mormon cricket is not a cricket at all, 
in a strict systematic sense. Rather, it is a shield- 
backed katydid, but usage in this case outweighs 
other considerations and no change is warranted. 

It was voted in 1922 to discourage the use of the 
scientific names of systematic groups as the basis of 
common names. A few are on the list, such as “elm 
calligrapha” and “greenhouse orthezia.” It is easy 
to see advantages in such names, provided that these 
generic or other group names are by usage assuming 
the status of common names, as is true among plants 
of such common genera as Chrysanthemum, Ca- 
talpa, and Delphinium. But to simply transfer sci- 
entific names over to common names, unless usage 
fully justifies it in the particular case, is to offer 
applied workers a name which thus far is not a com- 
mon name at all. 

Turning to the modifying part of the common 
name, it has been agreed that the modifying words 
should be based, insofar as possible, on some out- 
standing characteristic of the insect. Transferring 
the scientific specific name to the common name is 
not wise unless it is translated and clearly applicable. 
To call Tribolium confusum the “confused flour 
beetle” impresses many entomologists as a poor 
choice, because the beetle itself is not confused. On 
the other hand, to borrow the modifying words 
“black horned” from nigricornis and “‘black-legged” 
from nigripes is quite satisfactory if the terms are 
properly descriptive. Proposals of “‘vexans mos- 
quito” for Aedes vexans and “‘consperse stinkbug” 
for Euschistus conspersus have recently been disap- 
proved by the Committee on Common Names be- 
cause it was felt that the direct use of a specific name 
of this sort or rendering it into an English form not 
used in ordinary conversation is in either case a poor 
type of common name. By the same token, utilizing 
the specific names geminatus and marginatus as 
“‘geminate” or “marginate” are examples of im- 
practical choices unless usage already strongly 
favors the adoption of such modifying words. 

Specific names formed as patronymics from peo- 
ple’s names, as in Aspidiotus howardi and Lytta nut- 
tallii, are in a few cases the basis for common names, 
as “Howard scale,” and “Nuttall blister beetle.” 
Formerly, the possessive form often appeared, such 
as ““Howard’s scale” and ‘‘Nuttall’s blister beetle,” 
but an editorial policy of using the man’s name as a 
direct modifier was adopted several years ago. It was 
indicated in 1922 that incorporating patronymics of 
this sort into common names is an unsatisfactory 
practice. Here again, established usage should be the 
determining factor in deciding proposals on their 
individual merits. Ahout a dozen names having a 
man’s name as a modifier are now on our list. 

Various common names now on our list are based 
on geography; some are good, and others are mis- 
leading. “European mantis” appears to be satisfac- 
tory for Mantis religiosa L., because it is a well estab- 
lished name and one that suggests the contrast with 
the Chinese mantis as to the place of origin. Species 
that are restricted to a region, such as the Great 


§Jour. Econ. Ent. 35: 795-797, 1942. 
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Basin or the Gulf States, or are highly predominant 
there, may properly bear geographic names. But the 
Carolina grasshopper, Dissosteira carolina (L.), oc- 
curs almost throughout the country, and except for 
the agreement with the specific name and for its long 
usoge, the name would be misleading. The name 
Cok lorado potato beetle now has little more to recom- 
mend it than the early history of the species. The 
Cuban cockroach, Panchlora cubensis Sauss., is 
widespread in the Neotropical region rather than 
being restricted to Cuba, and there is also a strong 
likelihood that because of synonymy the specific 
name will be changed, so that the common name is 
not especially applicable. Certainly, some of our in- 
sects referred to as “eastern” or “‘western” deserve 
more appropriate names, It is plain, then, that geo- 
graphic names merit the most sober judgment be- 
fore adoption. 

The most frequent modifying words are the names 
of host plants; this is natural and is desirable if the 
host plant named is the most important one. A rule 
adopted in 1922 states that more than one host 
should not be part of the same common name. There 
is at least one exception on the present list, the 
“apple and thorn skeletonizer.” In the case of in- 
sects which attack several hosts, some dissatisfaction 
may be felt on the part of entomologists concerned 
with a minor host plant for which they feel the pest 
name to be misleading or otherwise unsuitable. The 
only remedy for this situation is for the name chosen 
to be the best one, and for the realization that cer- 
tain insects have multiple hosts to become more 
widely appreciated. 

In determining whether a host name or another 
modifier should come first, in the case of names hav- 
ing three or more elements, usage again is most im- 
portant. Both forms now are represented by official 
names, for instance, “cottony maple scale” and 
“plum web-spinning sawfly.” Judging from our list, 
in eases such as the two foregoing examples prefer- 
ence is shown for placing the additional modifier be- 
fore the host name. 

What about multiple common names? We now 
have a few species with two common names, exam- 
ples being Aphis gossypii Glover, the “cotton aphid” 
or “melon aphid,” and Rhagoletis pomonella (Walsh), 
the “apple maggot” or “blueberry maggot.” In 
these cases most relationships are reflected in the 
double name. One species, Heliothis armigera (Hgn.), 
is so important and of such varied host associations 
that three names have been adopted, “‘bollworm,” 
“corn earworm,” and “tomato fruitworm.” A well 
known butterfly, Papilio ajax L., also has three 
common names. The “cherry fruit fly” has the 
alternate name of “cherry maggot,” the choice being 
concerned with whether the adult or larva is in- 
volved. Still another kind of double name applies to 
Melanoplus mexicanus mexicanus (Sauss.). In its 
usual conditions, which is the solitary phase, this is 
called the “lesser migratory grasshopper,” but in the 
migratory phase, which was conspicuous in its 
notorious past, “Rocky Mountain grasshopper” is 
available, The latter was well known under the scien- 
tific name Melanoplus spretus (Walsh), but with its 
passing into synonymy there was a wish to retain the 
familiar common name as an alternate. 

In the cases of all these multiple names, we can 
understand why they were desired, and that they 
serve a certain function. Again and again, the ques- 
tion arises as to whether an insect should bear the 
common name applicable to its adult stage, or to its 
immature form, or should both be adopted? As a 
matter of principle, we believe common names 
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should be restricted to a single one in all except very 
special cases. Otherwise, the doors will be opened and 
the whole purpose of uniform names will be de- 
feated. As to whether the common name should 
apply to adult or larva, preferably it should apply 
to the most important or best known stage, or to the 
one for which usage has already established the bet- 
ter name, 

The factor of good taste. and public reaction to 
common names has taken on increased importance 
in recent years. If other factors are equal or approxi- 
mately so, it is much better to have a name which 
makes the right impression on growers or consumers 
when extension workers or other applied entomolo- 
gists use it than one which creates a misunderstand- 
ing or a dislike directed toward something besides 
the pest species. These objections fall into several 
categories. Coming back to the “confused flour 
beetle,” entomologists have told me of avoiding the 
use of this name when discussing infestations with 
home owners because of the frequent need to ex- 
plain why the beetle is “confused.” This name, then, 
is simply inept, and a change would merit considera- 
tion if a better name is proposed. Commercial 
growers and canners are reported to feel that names 
like “maggot” produce an aversion among consum- 
ers so that reports of infestation have an effect on 
sales. Some common names may be unsatisfactory 
because of this unfavorable public reaction, but 
criticism based on this principle is sometimes un- 
warranted. It is quite fair and desirable, however, 
that public sensibilities be considered when the pro- 
posal of names is planned. 

Furthermore, a name should be easy to say. If 
difficult to pronounce and awkward in its printed 
appearance, a common name cannot be expected 
readily to find its way into conversational usage. 


PROCEDURE IN SELECTING NEW NAMES 


The procedure followed in adding species to the 
List of Common Names of Insects was changed a 
few years ago, and a brief explanation probably will 
be helpful. The first Committee on Nomenclature 
prepared lists of species thought to deserve inclusion, 
and the provisional lists were submitted to the 
“leading entomologists of the country” for considera- 
tion. Later, essentially all proposals came from out- 
side the Committee, which assembled and distrib- 
uted them in the form of ballots to all Association 
members. This procedure had the disadvantage that 
any one member usually was familiar with only a 
small percentage of the species for which proposals 
were made. Many ballots were not returned, and, in 
view of the growing membership, the system was 
laborious and inefficient. For these reasons, the pres- 
ent system was adopted, whereby balloting by mem- 
bers was discontinued. Instead, those proposals of 
names which are approved by the Committee are 
published in the JourNAL or Economic ENToMoL- 
oGy, with a request that members having objections 
write to the Committee, preferably the Chairman. 
When, in the opinion of the Committee, the criti- 
cisms received regarding any proposal are substan- 
tial, the name is not added to the List. If, after 30 
days following the appearance of the issue of the 
Journal in which proposals are published, there is no 
criticism or only such criticism as may fairly be con- 
sidered unimportant, the names are considered ap- 
proved. An indication of proposals receiving ap- 
proval will be inserted in the Journal, or, better still, 
in the new Bulletin, unless a new edition of the List is 
being contemplated in the near future. The Commit- 
tee usually has 9 members, of which the approval of 
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7 is required for a proposal to be offered for the con- 
sideration of members. This provision is part of the 
new by-laws. Inadvertently, the Committee in 
1952 has 10 members, and approval requires the 
favorable vote of 8 members. The outstanding re- 
quirement for this system to be successful is that 
committee members shall be thoroughly interested 
in their assignment, that they be entirely fair, and 
have good judgment. 

Committee members are usually appointed for 
three years, and last year it was decided provision- 
ally that the same chairman should serve two or 
preferably, three, in order to give continuity to the 
work. In past years a chairman frequently was un- 
able to get a program begun much before the end of 
his single-year tenure. Then, he passed the sheaf of 
proposals and working notes on to his successor, who 
in turn may not have been able to orient himself and 
get letters out to his committee before half of the 
year had passed. 

In appointing members of the Committee an ef- 
fort has been made to secure fair representation 
from different geographical areas, also from the 
main fields of entomology, such as extension, teach- 
ing, and experiment station work. Since many of 
our Association members live in Canada and our 
Common Name List is intended to be representative 
of the important insects of temperate North Americ: 
it is desirable for at least two Committee members 
to be Canadians. 

What functions relating to common names are 
performed by taxonomists? It is important that 
taxonomists be represented on the Committee, since 
numerous questions arise that require consultation, 
with specialists or in the literature, which is facili- 
tated by one experienced in the taxonomic field. 
There is significant sentiment favoring the selection 
of the Chairman of the Committee from among 
entomologist having a background in taxonomy. 
This background is extremely helpful to the Chair- 
man, but it should not be allowed to give an “‘aca- 
demic cast” to a service that fundamentally is in- 
tended for use in applied fields of the science. Con- 
sultation with taxonomists is frequently helpful in 
getting information on the biology and distribution 
of species, also on relatives not now on the Common 
Name List but which in some way deserve con- 
sideration so that conflicts may be avoided in the 
choice of names, 

By general consent, the members of the Commit- 
tee do not deliberate about the scientific names of 
species, only on common names. Advice on scientific 
names is obtained from various authorities; cur- 
rently, this is usually from the Division of Insect 
Detection and Ide ntification, of the Bureau of 
Entomology and Plant Quarantine. As new editions 
of the list are printed, and as names are supplied at 
other times, the Committee is authorized to change 
scientific names, upon advice of competent author- 
ity, as a matter of editorial policy. However, it is not 
the purpose of the List to dictate on usage in con- 
troversial cases. Scientific names are included in the 
List as a convenience to users, and they are intended 
to be correct and up-to-date names and combina- 
tions insofar as competent authority can determine. 

To what extent are the lists of common names 
issued by other organizations consulted when our 
Committee considers the addition of a species to our 
list? It is advisable for at least the Chairman of the 
Committee to be acquainted with the principal 
available lists and to consult them when they may 
be helpful, but, since our Common Names activities 
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are not primarily international, nor based on priority, 
agreement with other lists is not necessary. A list of 
common names is issued in the Province of Quebec,é 
and, since many of our species are included, it is only 
sensible to consult that list for such help as it affords, 
Recently, a list of the common names of British in- 
sects has appeared in two parts.? Some insects are 
common to both North America and Britain, either 
naturally or as a result of introductions, so it is help- 
ful to be familiar with this list also. Of course, com- 
plete agreement in common names between ourselves 
and British entomologists is hardly to be expected, 
nor is it necessarily desirable. For instance, Forficula 
auricularia is the “European earwig” in this country, 
for obvious reasons, and it is a good name, But in 
England and Europe it is the “common earwig,” 
that name being equally satisfactory there. 

In so far as practical, it is desirable to consult 
standard guide and reference books which employ 
common names having a wide usage. This applies 
not only to the Committee but to persons making 
proposals of new names, since familiarity with the 
appropriate literature is an important part of the 
background required in order to make a sound pro- 

sal. 

There has been some question as to how much at- 
tention should be given to initiating proposals for 
new common names within the Committee itself. 
The new By-Laws definitely state that proposals 
may be received from members, or be initiated by 
the Committee. In general, however, our Committee 
feels that a conservative attitude toward additions 
should be taken, and that, for the most part, pro- 
posals should come from outside the Committee. 

Since not all members of the new Entomological 
Society of America will receive the Journal, it is 
recommended that the Bulletin be used for the pub- 
lication of proposals which have been passed by the 
Committee. It is further recommended that publica- 
tion of such proposals be adequately invited to the 
attention of readers by reference in the Table of 
Contents or other appropriate means. It is hoped 
that the members will watch for these proposals as 
they appear at irregular intervals, and feel free to 
contact the Committee promptly when there are 
objections or other comments. When a member 
wishes to propose a new name or a change in an exist- 
ing one, the most careful consideration is advisable. 
It frequently happens that contact with other ento- 
mologists who are interested in the same species is 
helpful, so that when the proposal reaches the Com- 
mittee it already represents the matured opinion of 
several workers. 


CHANGES IN EsTtaBLISHED COMMON NAMES 


Common names already on the List may be 
changed in the same way that additions are made, 
that is, by agreement of 7 of the 9 Committee mem- 
bers, followed by being offered to the Association 
through publication in the Journal and allowing 30 
days for objections to be registered. Misprints in the 
list, misplaced hy phens, and other minor editorial 
matters are corrected in subsequent lists by direct 
action of the‘Committee, but any changes of im- 
portance are made only through the established pro- 
cedure. 


6 Liste officielle des noms francais des insectes d'importance 
économique au Canada (including French, English and scien- 
tific names). 73 pp., Minist. Agric., Quebec, 1952 (See RAE 40: 
160, 1952). 

7 Common names of British insects and other pests. Pt. 1, 
30 pp., 1947; Pt. 2, 40 pp., 195%. Assoc. of Appl. Biologists 
(See RAE 40: 128, 1952). 
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it is the opinion of the present committee that 
changes should be made only for very substantial 
feasons: So, the tiajority of recent proposals for 
thange have been disapproved: Too many changes 
will prevent uniformity in Coftittion haities; jiist as 
tiniformity in scientific natiies is temporarily hin- 
dered by frequent changes. The best way to solve the 
problem of changes is to select new names so care- 
fully that comparatively few changes are needed. 


Group ComMon NAMES 

\t the 1945 meeting in Dallas, Texas,* the Associ- 
ation authorized the Committee on Common 
Names to “prepare a list of common names for 
groups of insects, especially families, and submit 
such names for approval.” Prior to 1952, a card file 
of about 200 group names was assembled by the 
Committee as a beginning. With this as a nucleus, it 
is hoped that the project can go forward sufficiently 
in 1953 to permit an initial list to be offered to the 
Society. Standard referetice books such as Com- 
stock's “Introduction” are tiseful in this work. It 
inay be rioted that the list of coninioi faites of 
British insects includes many group names. 

In supplying information to the public, group 
names are helpful in many cases where the identifica- 
tion of a species is unnecessary or impractical. The 
avoidance of duplication and ambiguities will be 
aided by a good list of group names. Standard group 
names may be expected to be a factor in acquainting 
the public with the principal groups of insects. 
Among insects there are so many species that it is 
impractical for the public to learn about all of them 
in terms of the separate species, as is usually done 
with birds, for instance. Rather, it is better to de- 
velop an understanding of the orders, the principal 
families, and outstanding genera. 


SumMar¥ 

The foregoing discussion is intended to clarify 
somie of the questions which menibers miay have con- 
cerning Common nanies. All answers cannot be given 
satisfactorily because the Committee on Common 
Nanies does not have rules to follow which cover all 
situations. Furthermiore, it should not be expected 
that concise rules covering all problems can be pro- 
vided, because if we have too miany rules they will 
prevent us from settling questions flexibly and with 
due consideration to past usage. On the othet hand, 
the establishment and understanding of certain 
principles are essential to the successful sponsorship 
of common names by the Society. The following 
principles, from among those discussed, are recom- 
mended as guides in the further development of the 
Common Name List. From time to time, others may 
be adopted, but, as in the case of additions to the 
List, they should receive the most careful considera- 
tion before adoption. 

1. Included species will in most cases inhabit the 

United States, Canada, or their possessions and 
territories. In special cases, other species may be 
added. 
_ 2. The list is intended for those insects and related 
invertebrates which commonly are of concern to ap- 
plied entomologists because of their economic im- 
portance, striking appearance, abundant occurrence, 
or for any other sufficient reason. 

3. Where possible, more than three words should 
be avoided in a common name, but four are permissi- 
ble if reasons are sufficient. 

+. In the case of names having two parts, one of 
them a group name, it is desirable that a single word 
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be used for the group tiattie if it is used in a sense 
that is systematically correct. Example: “house fly,” 
as contrasted with “citrus whitefly.” 

5: The use of parts of the scientific name in the 
common namie is undesirable unless the words in- 
volved are thoroughly established by usage as a eom- 
mion name; ; 

6. Only in special cases should an insect have more 
than one commion nate, 

7. In the case of insects of concern to entomolo- 
gists in both the larval and adult stages, the name 
preferably should apply to the most important or 
best known stage, or to the one for which tisage has 
established the better name. 

8. In all cases involving the adoption of new com- 
mon names or changes in those previously estab- 
lished, the fullest consideration should be given to 
past usage and the probable future usage. Members 
who wish to recommend new names or chafiges ir 
existing ones should accept the responsibility « 
making the necessary investigation. In so far as 
paul the considered opinions of entomologists 
experienced with the insects concerned should be ob- 
tained before names are proposed, and all of the 
available evidence, both for and against, should ac- 
company the profiosal when it is submitted to the 
Committee. 


Jomnt Meetinec or AAKE Ann ESA 


The joint meeting of the AAEE with the ESA 
took place December 15 to 18 inclusive at the 
Bellevue-Stratford Hotel, Philadelphia, Pennsyl- 
yania. Each organizatioti held its annual meeting, 
election of officers and a progtam of invitational ad- 
dresses and the presentation of research results of the 
year. There were over 800 in attendatice constituting 
the largest meeting up to this time. 

During the course of the week the executivés of the 
two associations met separately and in joint feet 
ings to work out the details of the consolidation. Af 
Interim Governing Board consisting of members of 
the two executive committees carried out as nearly 
as practicable all of the directives of the Santa 
Barbara meeting that the constitution provisioned. 
There is still a great deal for the Interim Governing 
Board to accomplish in perfecting the organization 
but several important decisions were made, the one 
effecting the membership most being the setting of 
the dues at $10.00 per member. This allowed one 
journal of the choice of the member. An additional 
journal could be secured at $4.00. Student member- 
ship was set at $2.00 with the student entitled to re- 
ceive either journal at $4.00. Subsequently, the 
matter of dues was clarified further by setting aside 
from the $10.00 fee $6.00 for dues and the choice of 
one journal for $4.00. 

The following news release was authorized for re- 
lease at Philadelphia. Subsequently, Mr. David 
Hall was authorized to prepare and send to the 
Agricultural Press the more complete notice of the 
merger. 


ENTOMOLOGY SOCIETIES MERGE 


Philadelphia, Dec. 16.—Greater service to the 
American public and a better understanding of all 
phases of entomology are the principal aims of the 
new Entomological Society of America, representing 
more than 4,000 members, which was formed here 
today. 


8 Jour. Econ, Ent, 39: 104, 1946. 
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To be officially set in motion January 1, 1953, this 
new society results from the merger of the two fore- 
most professional entomological groups in_ this 
country—the American Association of Economic 
Entomologists and the Entomological Society of 
America. 

President of the new society will be Dr. Charles E. 
Palm, head of the Department of Entomology, 
Cornell University, Ithaca, N. Y. Dr. H. H. Ross, 
Illinois Natural History Survey, Urbana, IIl., was 
named president-elect. He will succeed to the presi- 
dency in 1954. Dr. Ernest N. Cory, head of the De- 
partment of Entomology, University of Maryland, 
College Park, Md., will act as secretary-treasurer 
until a permanent executive secretary is elected. 

Both groups believe that by joining forces they 
will be better able to lead a nationwide fight against 
insects which annually destroy billions of dollars 
worth of agricultural crops and which transmit dis- 
eases and annoy man and animals, 

Officials of the new organization declared that a 
stronger, more closely knit society representing 
entomologists in various fields of activity including 
research, control, taxonomy, teaching, extension and 
industry presents a united front that can take an 
active and aggressive lead in the progress of this im- 
portant science. Through this new organization they 
expect to strengthen their contacts with specialists 
in allied fields of agriculture, public health, industry, 
ecology and general biology. 

A permanent staff, headed by a full-time secre- 
tary, will manage the society’s affairs. The new or- 
ganization will meet annually as usual. Various 
branches will continue to meet each year. The new 
society will publish regularly the JouRNAL or Eco- 
nomic Enromo.oey and the Annals of the Entomo- 
logical Society of America. It will issue from time to 
time the Index of American Economic Entomology, 
Entoma, and the Thomas Say Foundation Mono- 
graphs. The new society also plans to issue a new 
publication to be called the Bulletin of the Ento- 
mological Society of America, and such other pub- 
lications as may be considered necessary. 

The first annual meeting of the new society will be 
held Dec. 7-10, 1953 at the Biltmore Hotel, Los 
Angeles, California. 


REPORT OF THE SECTION OF EXTEN- 
SION AMERICAN ASSOCIATION OF 
Economic ENTOMOLOGISTS 


The Section was called to order at 8:00 p.m., De- 
cember 15, 1952 by J. O. Rowe, Chairman. 

Dr. R. W. Leiby and L. E. Adams discussed in- 
secticidal soil treatments for the control of various 
insects. In the discussion of insecticides used in the 
transplanting solutions, lindane 1 ounce to 50 gallons 
of water sometimes resulted in a slight off-flavor on 
cauliflower when used at the rate of two-thirds cup 
per plant. Chlordane and dieldrin were satisfactory 
for this purpose. 

In the slurry seed treatment of bean and corn 
seeds, chlordane, lindane, and dieldrin used at the 
rate of 1 ounce of commercial preparations to each 
bushel of seed in combination with fungicide and 
sticker were effective in the control of maggots, but 
did not appear promising in the control of wire- 
worms in some cases, The control of wireworms in 
potato fields was discussed and the importance of the 
method of application was stressed. 

Dr. Ordway Starnes and T. L. Bissell presented 
data on “Spittle Bug Control in Hay Fields.” In- 
creased yield of hay from treatment obtained varied 
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from 30 to 90 per cent higher than untreated. Hovw- 
ever, lack of suitable equipment for applying these 
insecticides and the fact that insecticide treatment 
promotes the growth of some weeds may limit the 
application. The importance of early application to 
avoid residue on the hay was stressed. 

In a discussion of publications, Dr. E. H. Wheeler 
and W. C. Nettles stressed that the subject matter 
would determine whether fact sheets or circulars 
should be the publication medium, Fact sheets ap- 
peared to be most effective in dealing with one pro}- 
lem of more or less emergency in nature. 

M. P. Jones discussed the wide acceptance of the 
4-H Club Entomology Award Program. He reported 
that 35 states have accepted this program and that 
during 1952 there were 21 state winners and six tia- 
tional winners. 

The election of officers for 1953 was held, and the 
following officers were elected: Chairman, Dr. J. N. 
Roney, Phoenix, Arizona; Vice Chairman, David 
Brannon, State College of Washington, Pullman, 
Washington; Secretary, T. R. Robb, Agricultural 
Extension Service, Laramie, Wyoming. 

H. Menusan, Jr., Secretary 


MINUTES OF THE MEETING OF THE 
SECTION OF MEDICAL 
ENTOMOLOGY 


The first session of the Section of Medical Ento- 
mology was called to order by the Chairman, A. W. 
A. Brown, December 17, 1952, at 9:12 A.m., in the 
Rose Garden of the Bellevue-Stratford Hotel in 
Philadelphia, Pa. The Chairman appointed a nomi- 
nating committee composed of W. M. Upholt, A. W. 
Lindquist, and B. V. Travis. One invitational and 14 
submitted papers were presented, as follows: 


Invitation Paper 


1. A Teacher’s Outlook on Medical Entomology. 
B. V. Travis, Cornell University, Ithaca, N. Y. 


Submitted Papers 


1. Ecology of American Arctic and Subarctic Mos- 
quitoes. Dale W. Jenkins, Medical Laboratories, 
Army Chemical Center, Md. 

. Preliminary Studies on the Flight Dispersal of 
Rice Field Mosquitoes in Arkansas. K. D. 
Quarterman, J. A. Jensen, Willis Mathis, and 
W. W. Smith, U. S. Public Health Service, At- 
lanta, Ga. 

3. Preliminary Field Studies on the Contrel of 
Rice Field Mosquitoes. Willis Mathis and W. W. 
Smith, U. S. Public Health Service, Atlanta, 
Ga. 

4. Effectiveness Against Mosquitoes of General- 
Purpose Repellent Mixtures for Application to 
Clothing. Carroll N. Smith and I. H. Gilbert, 
U.S. Bureau of Entomology and Plant Quaran- 
tine, Orlando, Florida. 

5. Topical Application of Insecticides to Adult 
Mosquitoes. G. F. Ludvik, Tennessee Valley 
Authority, Wilson Dam, Alabama. 

6. Effectiveness of EPN and Other Organic Phos- 
phate Insecticides on Resistant Mosquitoes in 
California. C. M. Gjullin, U. S. Bureau of Ento- 
mology and Plant Quarantine; Lewis W. Isaak, 
California Mosquito Control Association; and 
Gordon F. Smith, Manager, Kern Mosquito 
Abatement District, Calif. 

. Physiological Observations on the Action of 

DDT on Anopheles quadrimaculatus. Jack C. 
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Jones, National] Institute of Health, Bethesda, 

Md. 

8, The Mosquitoes of the Yemen, with a Summary 
of the Total Arabian Fauna. Kenneth Knight, 
U.S. Navy Malaria and Mosquito Control Unit 
No. 1, Naval Air Station, Jacksonville, Fla. 

. Mosquito Control by Larviciding within a 6-8 

Mile Periphery Around Cities in the Great 

Plains Area. R. L. Post and J. R. Anderson, 

North Dakota Agricultural Experiment Station, 

Fargo. 

Experiments in Hybridizing Anopheles freeborni 

Aitken and Anopheles punctipennis (Say). 

Robert W. Burgess, U. S. Public Health Service, 

Columbia, S. C. 

11. Insect Control in Army Areas in the Far East. 
A. W. Morrill, Jr., Engineering Research and 
Development Laboratory, Fort Belvoir, Va. 

12. Significance of Research for Improved Formu- 
lations and Techniques for the Control of Insects 
of Public Health Importance. William M. Up- 
holt and George F. Mallison, U. S. Public 
Health Service, Atlanta, Ga. 

13. Entomological Observations During Studies on 
Epidemic Hemorrhagic Fever in Korea. Robert 
Traub. U.S. Army Medical Corps, Walter Reed 
Hospital, Washington, D. C. 

14. Susceptibility of a Normal and an Inbred Strain 
of Drosophila malanogaster (Meigen) to Dieldrin, 
‘Toxaphene, DDT and Methoxychlor. Herbert 
Knutson, University of Rhode Island. 

The second session was called to order by the 
Chairman at 1:45 p.m. December 17, in the Rose 
Garden, Seventeen submitted papers were presented, 
as follows: 

1. Dehydrochlorination of DDT as a Measure of 
Resistance in Houseflies. A. S. Perry, R. W. 
Fay, and Annette J. Buckner, U. S$. Public 
Health Service, Atlanta, Ga. 

Development of Resistance to Pyrethrins and 

to an Organic Phosphate by Houseflies. L. E. 

Chadwick and F. M. Snyder, Medical Labora- 

tories, Army Chemical Center, Maryland. 

. Increased Resistance Associated with Reduced 
Absorption of DDT in a Strain of Musca do- 
mestica. A. S. Perry, R. W. Fay, and R. L. 
Crowell, U. S. Public Health Service, Atlanta, 
Ga. 

4. Development and Loss of Insecticide Resistance 
in the Housefly. David Pimentel, now with 
U.S. Public Health Service, Atlanta, Ga., H. H. 
Schwardt, and J. E. Dewey, Cornell University, 
Ithaca, N. Y. 

5. Fly Control with a New Bait Application Meth- 
od. Robert K. Thompson, Arthur A. Whipp, 
and Edward G. Batts, California Spray-Chemi- 
cal Corporation, Haddonfield, N. J. 

}. Toxicity of Vapors of Four Chlorinated Hydro- 
carbon Compounds to Resistant Houseflies. H. 
G. Wilson, J. B. Gahan, and W. C. McDuffie. 
U.S. Bureau of Entomology and Plant Quaran- 
tine, Orlando, Florida. 

. The toxicity of Some Chlorinated Compounds 
to Resistant and Non-Resistant Strains of the 
Housefly. Clarence B. Melton and R. H. David- 
son, Ohio State University, Columbus. 

8. The Effectiveness of Various Synergistic Formu- 
lations on DDT Resistant Houseflies. Richard 
W. Fay, U. S. Public Health Service, Atlanta, 
Ga. 

9. Studies with Poison Baits for the Control of 

Insecticide Resistant Houseflies. J. B. Gahan, 

it. S. Anders, Henry Highland, and H. G. Wil- 
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son, U. S. Bureau of Entomology and Plant 
Quarantine, Orlando, Fla. 

10. Some New Fly Repellents from Laboratory 
Screening Tests. Lyle D. Goodhue and Roy E. 
Stansbury, Phillips Petroleum Company, 
Bartlesville, Okla. 

11. Fly Control with Repellents. D. E. Howell, 
Oklahoma Agricultural Experiment Station, 
Stillwater. 

12. TEPP in a Bait Against Resistant Flies. M. D. 
Farrar and C. C. Brannon, Clemson, S. C. 

13. Studies of Chlorinated Hydrocarbon Insecti- 
cides Against Housefly Larvae. John Hadjini- 
colaou, School of Hygiene, Athens, Greece, and 
Elton J. Hansens, Rutgers University, New 
Brunswick, N. J. 

14. Fly Control at Dairies with Parathion-Impreg- 
nated Twine. Paul P. Maier and Willis Mathis, 
U.S. Public Health Service, Atlanta, Ga. 

15. Housefly Control in New York State Dairy 
Barns. William J. Goodwin, Cornell University, 
Ithaca, N. Y. 

16. Preliminary Studies of Three New Insecticides 
for Housefly Control in Barns. E. J. Hansen, 
Rutgers University, New Brunswick, N. J., and 
C. E. Bartley, Geigy Co., Inc., Bayonne, N. J. 

17. The Dispersion of Phormia regina in an Urban 
Area. H. F. Schoof and G. A. Mail, U. S. Public 
Health Service, Atlanta, Ga. 

The business meeting of the section was called to 
order by the Chairman at 5:05 p.m., December 17, 
in the Rose Room. The nominating committee 
placed the following names in nomination to serve as 
officers pending amalgamation of the two societies: 

For Chairman—Date W., JENKINS 
For Vice Chairman—Ricuarp M. Bouart 
For Secretary—Raymonp E. RycKMAN 

The nominations were seconded from the floor. The 

Chairman called for additional nominations from 

the floor. No new nominations were made, and the 

above officers were unanimously elected. The meet- 

ing was adjourned at 5:15 P.M. 

Twelve additional submitted papers on the sub- 
ject of medical and veterinary entomology were 
presented at a special session under the designated 
Chairman, W. Doyle Reed. The session was called 
to order by the Chairman at 1:30 p.m., December 
18, 1952, in the South Garden. The following papers 
were presented: 

1. Notes on the Biology of the Family Tabanidae 
in Florida. Calvin M. Jones, U. S. Bureau of 

Entomology and Plant Quarantine, Orlando, 

Fla. 

. Experiments on the Chemotherapeutic Use of 
Insecticides for Control of Bloodsucking Insects. 
A. W. Lindquist, A. R. Roth, and Robert A. 
Hoffman, U. S. Bureau of Entomology and 
Plant Quarantine and Paul O. Ritcher, Oregon 
State College, Corvallis. 

3. A Laboratory Method for Testing Repellents 
Against Biting Flies. Philip Granett and 
Eleanor B. Starnes, Rutgers University, New 
Brunswick, N. J. 

4. Biological Studies on Horseflies in New York. 
H. Tashiro, now with U. S. Bureau of Ento- 
mology and Plant Quarantine, Geneva, N. Y., 
and H. H. Schwardt, Cornell University, 
Ithaca, N. Y. 

5. Chemotherapeutic Agents for the Control of 
Cattle Grubs. W. S. McGregor and R. Richards, 
U.S. Bureau of Entomology and Plant Quaran- 
tine, Kerrville, Texas. 
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. Control of the Lone Star Tick, Amblyomma 
americanum (L.) D. E. Howell, Oklahoma Agri- 
cultural Experiment Station, Stillwater. 

. Entomological Research Activities in the Ten- 
nessee Valley Authority. G. F. Ludvik and W. 
E. Snow, Tennessee Valley Authority, Wilson 
Dam, Alabama. 

3. Relation of Flea Populations to Incidence of 
Murine Typhus Fever in Domestic Rats. Carol 
QO. Mohr and N. E. Good, U. S. Public Health 
Service, Atlanta, Ga. 

9. Insecticide Control of Fleas on Rodents. R. E. 
Ryckman, School of Tropical and Preventive 
Medicine, Loma Linda, California. 

. Studies on Colorado Tick Fever with Particular 
Reference to Entomological Aspects. James M. 
Brennan, Carl M. Eklund, and Glen M. Kohls. 
U.S. Public Health Service, Hamilton, Montana 
The Housefly (Musca domestica L.), as a vector 
of Salmonella gallinarum (Bergey et al.), the 
Agent of Fowl Typhoid of Chickens. John B. 
Gerberich, University of Minnesota, Duluth 
Branch, Duluth. 

. The Effect of Successive Treatments of DDT on 
Individual Susceptibility in the American Cock- 
roach. 8. S. Chang and H. H. Crowell, Oregon 
State College, Corvallis. 


REPORT OF THE SECTION OF 
INSECTICIDES 


Chairman: F. W. FLETCHER 


The section of insecticides met in two separate 
sessions. The first of these was held Tuesday morn- 
ing and afternoon of December 16, 1952 jointly with 
the Division of Agricultural and Food Chemistry 
Subdivision of Pesticides, American Chemical So- 
ciety with F. W. Fletcher, Dow Chemical Company, 
Midland, Michigan, H. G. Johnston, National Cot- 
ton Council, Memphis, Tennessee, and F. A. 
Gunther, California Citrus Experiment Station, 
Riverside, California as chairmen, The joint session 
presented a symposium to consider the “Influence of 
the Use of Pesticides on the Flavor of Fresh and 
Processed Fruits and Vegetables.”’ This highly suc- 
cessful session, the first of its kind on the subject, 
attracted widespread interest and was exceptionally 
well attended. 

Following opening remarks by F. W. Fletcher and 
L. G. Cox of the American Chemical Society, the 
papers below were presented. 

1. The Noseas A Molecular Analyzer. Lloyd Beck, 
Yale University, New Haven, Conn. 

2. The Methodology of Taste Testing. E. H. Hin- 
reiner, Department of Food Technology, Uni- 
versity of California, Davis. 

3. The Establishment and Operation of a Pro- 
cedure for Determining Organoleptic Differences 
in Vegetables Treated with Pesticides. K. G. 
Weckel, R. K. Chapman, and J. W. Apple, 
University of Wisconsin, Madison. 

. Sone Simplified Statistical Procedures Useful in 
Evaluating Flavor Differences. Howard L. Stier, 
National Canners Association, Washington, 
D. C. 

5. The Use of Preference Test Methods for Detect- 
ing Off-Flavors in Foods. D. R. Peryam, Quar- 
termaster, Food and Container Institute, Chi- 
cago, Illinois. 

3. Agricultural Chemicals and Flavor Evaluation. 
C. C. Compton, Chairman, Committee on 
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Flavor Evaluation, National Agricultural Chem- 
icals Association. 

. Flavor Evaluation of Food Products Treated 
with Insecticides. Howard Reynolds, U. S. 
Bureau of Human Nutrition and Home Eco- 
nomics, Beltsville, Md. 

. The Use of Taste Panels in Preliminary Studies 
of New Pesticides. W. H. Ewart, G. E. Carman, 
L. R. Jeppson, D. L. Lindgren, and J. C. Ortega, 
University of California Citrus Experiment Sta- 
tion, Riverside. 

. Results of Flavor Testing of Vegetables Treated 
with Pesticides. W. A. Rawlins, Cornell Uni- 
versity, Ithaca, N. Y. and A. C. Davis, New 
York Agr. Exp. Station, Geneva, N. Y. 

. Pesticides and the Flavor of Citrus Products. 
C. W. Wilson, Research Department, Sunkist 
Growers, Inc., Ontario, California. 

. The Effect of Feeding Lindane on the Flavor of 
Milk. Ray E. Ely, R. W. Bell, and L. A. Moore, 
U. S. Bureau of Dairy Industry and H. D. 
Mann and R. H. Carter, U. S. Bureau of Ento- 
mology and Plant Quarantine, Beltsville, Md. 

2. Flavor Effects of Pesticides on Food Products in 
Relation to Registration Under the Insecticide, 
Fungicide, and Rodenticide Act. R. O. White, 
U.S.D.A. Production and Marketing Adminis- 
tration, Livestock Branch, Washington, D. C. 

13. Influence of Processing on Favor Changes Due 

to Applied Chemicals. C. H. Mahoney, Na- 
tional Canners Association, Washington, D. C. 

Following the papers, L. G. Cox served as moder- 
ator for a panel discussion on the subject “Pesticides 
in Relation to Off-Flavor and Taste Paneling.” 
Members of the panel were Lloyd Beck, K. G. 
Weckel, D. R. Peryam, C. C. Compton, W. A. 
Rawlins, Ray E. Ely, E. H. Hinreiner, Howard L. 
Stier, Howard Reynolds, W. H. Ewart, C. W. Wil- 
son, R. O. White, and C. H. Mahoney. 

A second session of the section of insecticides was 
held on Wednesday afternoon, December 17, 1952. 
F. W. Fletcher served as chairman. Two invitation 
papers were presented. 

1. Evaluation of Orchard Spray Equipment. E. H. 
Glass and S$. E. Lienk, New York Agr. Exp. Sta- 
tion, Geneva, N. Y. 

2. Fission Products for Insect Control. Charles C. 
Hassett and Dale W. Jenkins, Medical Labora- 
tories, Army Chemical Center, Md. 

Four submitted papers were given. 

. Some Observations on the Use of Isoparaffin Oils 
as Carriers for Agricultural Chemicals. Lyle D. 
Goodhue, Phillips Petroleum Co., Bartlesville, 
Okla. 

2. The Granulated Type Insecticide for Soil Treat- 

ment. M. D. Farrar, Clemson, S. C. 

. The Role of Chlorinated Polyphenyls in Improv- 
ing Pesticide Residues. Irwin Hornstein and W. 
N. Sullivan, U. S. Bureau of Entomology and 
Plant Quarantine, Beltsville, Md. 

. Residues of Malathon on Fruits and Vegetables. 
William E. Westlake and Lillian I. Butler, U.S. 
Bureau of Entomology and Plant Quarantine, 
Yakima, Wash. 

Following the presentation of papers, I. G. 
Bechtel, Freeport Sulphur Co., New Orleans, 
Louisiana reported on the improvement in the U. 5. 
sulphur supply. In 1953, the sulphur supply should 
not be a limiting factor in the manufacture of in- 
secticides. C. C. Alexander of the Geigy Company 
announced Diazinon a new experimental compound 
suggested for housefly control and certain other 
pests. Gordon Brandes, Rohm and Haas Company, 





“ebruary 1953 


announced Q-137 an experimental compound for 
control of certain leafhoppers and other field crop 
ests. C. S. Harris, Prentiss Drug and Chemical 

mpany, announced Strobane an experimental 
chemical manufactured by the Goodrich Chemical 
(Company for use in the control of certain vegetable 
and other pests. 

The business session included reports of commit- 
tees. 

Dr. J. W. Apple, University of Wisconsin, who 
was appointed on the Reference Standard project 
during 1952 and will serve with the Chairman 
George S. Kido, presented a report of the Committee 
on Reference Standards. He reviewed the nature of 
the reference standard program, which prepares and 
distributes samples of insecticides to be used as 
standard materials. The financial status of the pro- 
gram is as follows: 


Balance on hand December 1, 1951... $71.68 


Order Position | 
Payments received............ 
Order filled but unpaid 


$30.46 
6.23 


Total orders filled . $36.69 


$108.37 


Expenses 
Packaging materials 
Postage... , 


Total expense $. $1 


Balance. . $105.06 
In view of the small number of orders received and 
the apparent lack of knowledge of the program 
among members of the profession, a motion was 
passed to authorize the use of surplus funds for ad- 
vertising purposes, the nature and extent of the ad- 
vertising to be at the discretion of Chairman Kido 
and within the limits of the funds available. 

The Committee on Methods consists of three 
subcommittees. Philip Wallace, in charge of the sub- 
committee on insecticide testing methods, reported 
that the project was still inactive awaiting the pub- 
lication of a similar project by the National Re- 
search Council. Lauren Anderson, in charge of the 
subcommittee on sampling techniques reported by 
letter that data was still being collected on the proj- 
ect. Jack Fahey reported that the material gathered 
by the subcommittee on methods of sampling re- 
sidues was being prepared for publication. 

The Nominating Committee, consisting of B. B. 
Pepper, chairman, Floyd F. Smith and C. C. Alex- 
ander, presented the following slate of officers, which 
were elected by the Section. 

Chairman: Raten B. Marcu, California Agr. 

Expt. Station, Riverside, California. 
Secretary: C.O. PERsING, Stauffer Chemical Com- 
pany, Fremont Rd., Mountain View, California. 
Respectfully submitted 
C. R. Weaver, Sec’y 


PROCEEDINGS, Stxty-FourtH ANNUAL MEETING 


REPORT OF SECTION OF PLANT 
Pest CONTROL AND QUARANTINE 


The Section of Plant Pest Control and Quarantine 
met on Tuesday, December 16 under the leadership 
of H. M. Harris. The attendance was exceptionally 
good in view of the fact that the entrance to the 
meeting was through a foyer where a second meeting 
was in progress. The general average was 70. A tally 
of the people as they came and left the room at the 
end of various papers showed that between 150 and 
200 people heard portions of the program. 

The following officers were elected: 

H. M. Harris, Chairman 
Raupu SHERMAN, Secretary 


The Section of Apiculture, with Chairman W. A. 
Price presiding, met in the Reception Room of the 
Bellevue-Stratford Hotel at 9:00 a.m., December 16, 
1952. In the absence of the Secretary, J. O. Rowell 
served as Acting Secretary. 

Nine titles were submitted for the program; seven 
of them were presented and discussed with the usual 
keen interest and enthusiasm so characteristic of all 
bee programs. 

After the formal presentation of papers, arrange- 
ments were made by W. A. Stephen for a group 
visitation to the Langstroth Bee Gardens and the 
Federal Regional Laboratory where considerable 
experimentation with honey is now being conducted. 

The Nominating Committee, consisting of George 
Abrams and E. J. Anderson, Chairman, presented a 
slate consisting of W. A. Price, Chairman, and A. W. 
Woodrow, Secretary. The slate was elected. 

There being no further business, the meeting 
adjourned at 11:30 a.m. 

J.O. RowE tt, Acting Secretary 


MINUTES OF THE FourtH ANNUAL MEET- 
ING SECTION ON BIOLOGICAL 
Contro., A.A.E.E. 


The meeting of the Section was held on December 
15 at 8:00 p.m. in the North Garden of the Bellevue- 
Stratford Hotel, with approximately 150 members 
and visitors in attendance. A total of ten submitted 
papers were presented, notable among which were 
two on the utilization of virus diseases in insect con- 
trol: (1) “Virus Diseases of Two Introduced Insects 
and Their Use in Biological Control” by F. T. Bird, 
and (2) “Report on the Use of a Virus Disease to 
Control the European Pine Sawfly in the United 
States” by P. B. Dowden and H. B. Girth. 

A short business session was held following the 
program, at which the following officers were elected 
to serve during 1953: 

Chairman C. P. CLAUSEN 

Secretary STANLEY E. FLANDERS 
University of California, 
Riverside 





